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Statements and views presented in these proceedings are totally
those of the speakers and do not necessarily reflect the views and
policies of the International Joint Commission or its Research Advisory
Board and Committees'framework.
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products does not constitute endorsement or recommendation for use.
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PREFACE
The objectives of this Workshop were to provide a review of available
or potential techniquesvfor continuously tracking fleets of expendable,
floating drogues drifting with surface and subsurface currents over distances
of up to 100 km
and over time durations of weeks or months.
The Proceedings
are intended to be of value to coastal hydrodynamicists and those concerned
with the dispersal of pollutants in the coastal zones of the Great Lakes and
the oceans to stimulate scientific operations,
research and development.
As far as possible the discussions following each paper and the General
Discussion have been reproduced.
This will provide the specialist reader
with a deeper insight into the reasoning behind the conclusions reached,
recommendations made and research needs identified.
A summary of the
General Discussion is also provided as a shortened version from a tape.
Although it has not always been possible to readily identify participants in
some discussions, this is not a major drawback.
To facilitate future
communication, a list of attendees is supplied together with brief resumes
of the current interests of most of those present.
The Editor is indebted to Dr. Clifford H. Mortimer, Dr. Mervin D.
Palmer and Mr. R. M. Eaton for their helpful reviews of this document.
Andrew E. P. Watson
  
 
 SUMMARY
The Board's Standing Committee on Lake Dynamics sponsored this
technical workshop,
held in the IJC Great Lakes Regional Office, Windsor,
February 24—25, 1975.
The objective of the workshop was to address the
problem of measuring surface currents on the Great Lakes to provide
fundamental data in order to gauge their contribution to transboundary
pollution.
Twenty—one
participants
attended,
including members
of
the
committee,
researchers in the field, manufacturers
of electronic navigational equip-
ment and members of the IJC Regional Office staff.
Eight
invited
papers
were
presented
and
four
others
provided,
covering
the
experiences
obtained
with
operating
drifting
buoys
with
attached
instrumented
drogues
in
both
ocean
and
Great
Lakes
waters.
Drogue
designs
were discussed
and
the
necessary degree
of
sophistication for
their
purpose,
explained.
In
addition,
the merits
and
disadvantages
of
existing
and
proposed
navigational
and
communications
aids
were
debated
for
use
in
this
application.
The
attendant
management
problems
were
given
equal
emphasis.
Conclusions,
recommendations and research needs were derived and are presented
in
Chapter
14.
Some
particular
points
concerning
experimental
design
and
management
strategy,
raised
during
the
workshop,
are
summarized
below.
A) E UIPMENT
Drogue Design Considerations
It
was
agreed
that
the
drogue
sensors
should
monitor
water
temperature
  
(e.g. by means of thermistors) and perhaps also water depth (e.g. by a
pressure transducer). The drogue immersion depth would commonly be about
10 m and four or five additional thermistors would be suspended at
intervals below it, giving a total drogue plus sensor line vertical depth of
about 20—25 m , with a suitable lower sinker weight attached.
Although it was considered necessary to minimize the total drogue area
and sensor depth, Monahan's rule for drifting drogues was cited, i.e. that an
underwater area of at least 100 times that exposed above water be utilized.
Line drag places an overall limit on the depth of equipment used. Maximum
feasible drogue and sensor attachment depths might prove to be 50 to 60 m.
Drogue Deployment and Tracking
User requirements will varyfrom say 3 to 4 locations about 10 km
apart to a closer initial array of up to 20 drifters. There are likely to
be two general classes of experiment; one concerned with nearshore motions
and dispersal, the other related to whole basin motions using large, more
widespread, arrays.
Drogue Positioning and Interrogation Techniques
1. Acoustic
The application of underwater acoustic transmission technology
(i.e. SONAR) was discussed in relation to the Great Lakes drifting buoy
project. Compared with its successful use in the ocean, it was felt that
in nearshore areas of the relatively shallow Great Lakes, problems would be
encountered in signal interpretation due to interfering echoes from the
lake bottom and losses at the surface.
Specialists in the use of this technique emphasized the signi-
ficance of the underwater sound velocity profile. Continuing research is
necessary.
It was, nevertheless, considered a valuable tool to explore for
 this purpose in the Great Lakes, utilizing shore stations and hydrophone
depth and positioning systems.
The underwater transmission technique could
avoid some air-water interface problems associated with drogue positioning
by conventional methods.
It was noted, however, that personnel thoroughly
familiar with this methodology would be required in its implementation.
2.
Radio Navigation,
Low Frequency
(LF) and Very Low Frequency (VLF)
 
Both Loran—C and Omega
(VLF) radio—location techniques are valuable
in this context when used differentially.
Loran—C is favoured with a useful
maximum range of 1,000 km
(650 n. miles) but to date, coverage of the Great
Lakes is not extensive and is especially lacking in the Upper Lakes.
The
global network will be expected to serve this region by 1980.
Differential
Omega (VLF) has an accuracy of i 500-700 m
at its maximum range but further
development may reduce this to i 300 m.
The range, when used differentially,
is comparable with that of Loran—C.
3. Earth Satellites
The United
States
Department
of
Commerce's
National
Oceanic
and
Atmospheric
Administration
(NOAA)
designed
the
NOVA
series
of buoys
for
severe
and moderate
environments,
respectively,
to
be position
located
and
interrogated
by
the
NIMBUS-4
Earth
satellite.
These
deep
water
drogues
can
be
followed
up
to
1,500
km
(975
n.
miles)
range
and
have
an
18—month
operational endurance.
A
parellel
Environment
Canada
project
has
contracted
for
ten
expendable
drifting
buoys,
costing
up
to
$1,000
each
with
a minimum
operational
life
of
ten
days,
to
be
locatable
at
distances
of
up
to
100
t
1
miles.
This
equip—
ment
has
been
designed
for
tracking
by
and
communication
with
the
proposed
NIMBUS-F satellite.
 
  
4. MULTITRACKER System
This equipment is commercially available for simultaneously tracking
a total of 30 buoys from ten shore stations.
The buoy radio frequency trans—
ponders, costing several thousand dollars each, are not considered expandable
hence not suitable for the proposed Great Lakes project.
B) PROGRAM MANAGEMENT
Earlier speakers had already emphasized the importance of management of
all
aspects
for
the
successful
operation
of
this
type
of
project.
It was
generally agreed
that,
since
data
handling
is
of major
importance,
it
should
receive
as
much
or
greater
consideration
as
that
afforded
the
problems
associated
with
scientific
equipment
and
related
technology.
Additional
items
influencing
management
decisions
would
include
provisions
for
training
specialized
personnel
and
allowance
for
the
costs
of
operating
and
maintaining
the
equipment
and
facilities
utilized.
Management
problems
were
discussed
in
terms
of
a
systems
analysis
concept.
Such
a
study
could
be
expected
to
derive
alternative
approaches
which
would
satisfy
the
requirements
of
the
Committee's
needs
and
provide
estimates
of
both
cost
and
effort
for
the
equipment
envisaged.
Support
for
such
an
analysis
was
considered
to
be
a
federal
government
agency
responsibility.
Several
currentUnited
States
federal
agency
programs
were
described
pertaining
to
Great
Lakes
management.
The
U.S.
Environmental
Protection
Agency's
Region
V,
for
example,
undertakes
a
Great
Lakes
surveillance
program
with
the
dual
objectives
of
regulation
enforcement
and
of
research.
This
study
is
not
confined
solely
to
one
particular
lake.
In
this
regard,
it
was
noted
that
any
system
adopted
should
be
readily
applicable
for
use
in
all
the
Great
Lakes.
This
implies
both
planning
and
designing
features
to
facilitate
the
transport
of
floating
equipment
and
the
location
of
the
navigational
and
communication
aids
used
for
buoy
tracking
and
interrogation,
respectively.
The
contribution
 was also noted of the recently established NOAA Great Lakes Environmental Research
Laboratory at Ann Arbor, Michigan. Canadian agency programs in this context
had already been described during the presentations and participant introductions.
Following brief discussion on the use of models in Great Lakes management,
the Chairman cautioned against ready acceptance of modelling techniques per ES
without prior awareness and understanding of the limitations to their application.
In View of the variety of government agency—sponsored, international,
activities on the Great Lakes directed toward this objective, it was recom-
mended that an Advisory Committee be established to coordinate and evaluate
current and proposed efforts.
 

IN
T
R
O
D
U
C
T
I
O
N
Dr. Mortimer, Chairman of the Standing Committee on Lake Dynamics and
of this Workshop, reviewed studies of circulation of the Great Lakes. Coastal
currents less than ten miles offshore have recently received attention in
respect to tracking and modelling of thermal plumes. However, very little is
known regarding the variability of the "underwater weather" into which these
plumes are released. Over the past three years, fixed current meters have
been used in nearshore zones some ten miles wide; yet, as Earth Satellite
pictures vividly informus, there remains much to be discovered concerning
horizontal dispersal patterns on whole basin scales and sub-scales.
Whole basin studies are also needed in these stratified systems which,
owing to their size, pose sets of new phenomena not observed in small lakes
nor in the oceans. In summer, the Great Lakes exist as stratified two-layer
systems with a sharp thermocline. Both windstress and the Earth's rotation
(i.e. the Coriolis Force) provide up-and downwelling in ten mile wide strips.
The potential energy injected here is distributed throughout the whole basin
as large amplitude internal waves involving the entire thermocline. Simple
linear theory envisages (i) nearshore Kelvin internal waves involving geostrophic
shore—parallel currents confined to within 15 km of the shore, and (ii)
internal Poincare waves which influence the entire lake thermocline.
These internal standing waves traverse Lake Michigan, as discovered by Dr.
Mortimer's observations using instrumented railroad ferries, and the pattern
probably extends along the whole length of the basin. This latter postulate
could best be tested by Lagrangian measurements with floating instruments.
Based on these and other observations, it would be expected that the thermo—
cline would be divided into a cellular pattern of alternate ridges and valleys.
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DRIFT
AND
DISPERSALS
OF
DROGUES
IN
LAKE
CURRENTS
CHAPTER 1
C. R. Murthy
Canada Centre for Inland Waters
Burlington, Ontario
At
the
Canada
Centre
for
Inland
Waters,
we
have
used
a
wide
variety
of
drogues
to
measure
the
mean
drift
and
dispersal
characteristics
in
coastal
waters
as
well
as
in
the
mid—lake
(Murthy
1969;
Weiler
and
Murthy
1971).
By
and
large
we
have
used
drogues
mainly
to
measure
the
mean
current
speed
and
direction
mostly
in
support
of
our
dyediffusion
experiments
in
coastal
waters,
except
on
two
occasions
when
we
carried
out
specialized
drogue
ex—
periments.
In
a
series
of
experiments,
we
were
particularly
interested
in
making
Lagrangian*
and
Eulerian**
current
measurements
in
coastal
waters
(Murthy
1973).
This
aspect
is
probably
not
of
particular
interest
to
this
workshop.
For
more
information,
it
may
be
of
interest
to
refer
to
the
work
of
Longuet—
Higgins (1969).
The
second
series
of
experiments,
conducted
during
the
IFYGL
(International
Field
Year
on
the
Great
Lakes)
Program
of
1972,
may
be
of
particular
interest
to
this
workshop.
These
experiments
were
designed
and
carried
out
to
study
the
m
e
a
n
drift
and
d
i
s
p
e
r
s
a
l
m
e
c
h
a
n
i
s
m
s
_
o
f
f
l
o
a
t
a
b
l
e
s
in
the
surface
layer
of
Lake
Ontario,
as
part
of
an
overall
program
to
study
turbulent
diffusion
processes .
A
wi
d
e
v
a
r
i
e
t
y
of
drogues,
drift
cards
and
drift
b
o
t
t
l
e
s
has
b
e
e
n
s
u
c
c
e
s
s
f
u
l
l
y
u
s
e
d
a
s
t
r
a
c
e
r
s
t
o
m
e
a
s
u
r
e
l
a
r
g
e
s
c
a
l
e
h
o
r
i
z
o
n
t
a
l
c
i
r
c
u
l
a
t
i
o
n
a
n
d
d
i
s
p
e
r
s
i
o
n
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
(
e
.
g
.
C
s
a
n
a
d
y
1
9
6
3
;
O
k
u
b
o
a
n
d
F
a
r
l
o
w
1
9
6
7
)
.
 
*
T
h
e
k
i
n
e
t
i
c
p
o
t
e
n
t
i
a
l
,
d
e
s
c
r
i
b
i
n
g
a
d
y
n
a
m
i
c
s
y
s
t
e
m
i
n
t
e
r
m
s
o
f
p
o
s
i
t
i
o
n
c
o
o
r
-
d
i
n
a
t
e
s
a
n
d
t
h
e
i
r
t
i
m
e
d
e
r
i
v
a
t
i
v
e
s
.
T
h
i
s
e
q
u
a
l
s
t
h
e
d
i
f
f
e
r
e
n
c
e
b
e
t
w
e
e
n
t
h
e
p
o
t
e
n
t
i
a
l
a
n
d
k
i
n
e
t
i
c
e
n
e
r
g
i
e
s
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*
*
A
g
r
a
p
h
i
c
m
e
t
h
o
d
u
s
i
n
g
c
i
r
c
l
e
s
t
o
r
e
p
r
e
s
e
n
t
r
e
l
a
t
i
o
n
s
h
i
p
s
b
e
t
w
e
e
n
a
n
d
o
p
e
r
a
t
i
o
n
s
o
n
c
l
a
s
s
e
s
a
n
d
t
h
e
t
e
r
m
s
o
f
p
r
o
p
o
s
i
t
i
o
n
s
b
y
i
n
c
l
u
s
i
o
n
,
e
x
c
l
u
s
i
o
n
a
n
d
i
n
t
e
r
-
sections.
 In
ou
r
st
ud
y,
ro
ll
er
-b
li
nd
(w
in
do
w-
sa
il
)
dr
og
ue
s
we
re
us
ed
to
si
mu
la
te
th
e
di
sp
er
sa
l
of
fl
oa
ta
bl
e
pa
rt
ic
le
s.
Th
es
e
dr
og
ue
s,
wi
th
th
ei
r
la
rg
e
ar
ea
ra
ti
o
of
dr
og
ue
as
se
mb
ly
to
su
rf
ac
e
ap
pe
nd
ag
e
(5
0:
1)
,
re
sp
on
d
to
th
e
ch
an
ge
s
in
th
e
su
rr
ou
nd
in
g
wa
te
r
mo
ve
me
nt
s
qu
it
e
we
ll
an
d
ha
ve
be
en
us
ed
su
cc
es
sf
ul
ly
fo
r
La
ng
ra
ng
ia
n
me
as
ur
em
en
ts
.
Th
e
dr
og
ue
s
we
re
ca
li
br
at
ed
in
th
e
fi
el
d
to
es
ti
ma
te
th
e
wi
nd
dr
if
t
du
e
to
su
rf
ac
e
ap
pe
nd
ag
e.
Th
e
dr
if
t
wa
s
fo
un
d
to
be
less than 1 cm/sec_l.
Th
e
us
e
of
ma
rk
ed
dr
og
ue
s
or
si
mi
la
r
fl
oa
ti
ng
ob
je
ct
s
fo
r
st
ud
yi
ng
tur
bul
ent
dis
per
sio
n h
as
a n
umb
er
of
lim
ita
tio
ns.
Flo
ata
ble
s,
bec
aus
e
of
the
ir
den
sit
y,
are
con
str
ain
ed
to
mov
e
in
a h
ori
zon
tal
pla
ne
and
res
pon
d
onl
y
to
the
hor
izo
nta
l c
omp
one
nts
of
ess
ent
ial
ly
thr
ee—
dim
ens
ion
al
flo
w.
TAn
oth
er
lim
ita
tio
n i
s t
he
so—
cal
led
"fi
lte
rin
g e
ffe
ct"
by
whi
ch
sma
lle
r s
cal
e
tur
bul
ent
edd
ies
are
eff
ect
ive
ly
dam
ped
out
due
to
the
fin
ite
phy
sic
al
siz
e
of the drogues and therefore do not contribute to the turbulent transport
and diffusion (Cederwall 1971). Cederwall has demonstrated the "filtering
effect" in laboratory channel flow by observing the dispersal of different
size drogues. Smaller size drogues would have beenmore suitable for this
study, but practical considerations in the field dictated the use of roller—
blind drogues. However, to simulate large—scale horizontal diffusion, these
drogues were considered adequate, although smaller scale turbulence is averaged
out due to the physical size of the drogues.
In an experiment designed to study the simultaneous diffusion of
fluorescent dye and a group of drogues, we have also recognized these effects
in field experiments. The details of these experiments and some interesting
results are contained in a short note, in the forthcoming issue of the Journal
of Physical Oceanography.
I would like to itemize the main findings from our experiment:
1)
The
overall
dispersion
of
the
drogue
group
was
restricted
in
com—
parison
to
the
dye
diffusion.
As remarked
earlier,
this
is
due
to
the
physical
size
of
drogues
responding only
to
the
two-dimensional
flow and "filtering effect";
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2) The drift of the drogues released in coastal waters (within 2 km or
so) was generally shore—parallel, whereas the drift of the cent—
roid of drogue group released offshore (20—25 km) exhibited typical
inertial movements;
3) Periodic regrouping and subsequent dispersal of drogues (released
offshore) at approximately 16-18 hours corresponded to the local
inertial period indicating the presence of convergence and diver—
gence in the flow field. Okubo (1970) has discussed this problem
in some detail. Thus meso—scale motions such as convergence and
divergence of flow field as well as turbulent dispersion due to
random eddies are important considerations in the kinematics of
floatable clusters.
In summary, in addition to looking at the drift and dispersal of drogue
groups in coastal currents, one can attempt to describe the flow field itself
from continuous tracking of a group of drogues as suggested
in recent papers
by Okubo et al.
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 DISCUSSION
CUTCHIN:
By your comments of Okubo's theoretical work on convergence and div-
ergence, you prefer to ascribe those sorts of variations to oscillatory
variations in the convergence and divergence?
 
MURTHY: That's the only possible explanation that is given. Why?
CUTCHIN: Well, it's good news to a lot of people like myself who believe in
whole basin motions and oscillatory and the like explaining most of the
fluctuations of the currents in terms of organized motion rather than tur—
bulent eddies. That is exactly what you would expect to see if there were
oscillatory shears which are consistent and repeatable. What they were doing
was actually stretching the patch out, returning it to more of a circular
cluster and then stretching it out in the opposite direction.
What you might be able to do is to look at the shape of the patch,
observe the eccentricity as a function of time (it is an ellipsoid generally)
and examine the facts. You might find out that it is true. The patch is
generally growing larger at some constant rate, the shape factor changing in
an oscillatory fashion.
WATSON: I was very struck by the analogy here to astrophysics and the kinetics
in the formation of galaxies. I wonder if you, as a group, have looked at
this problem in relation to what theoreticians and other people involved in
astrophysics have found?
MURTHY: I know about meteorological work but I do not know of astrophysical.
Oguro did balloon tracking in the atmosphere in the early 1950's. I had more
atmospheric work in mind after reading Oguro's book and there are some
similarities in this sense.
 The
"fil
teri
ng"
effe
ct t
hat
I wa
s me
ntio
ning
was
also
demo
nstr
ated
in t
he
lab
ora
tor
y b
y C
ede
rwa
ll
in
Swe
den
.
He
app
lie
d v
ari
ous
siz
es
of
dro
gue
s a
nd
he
did this one in channel flow.
PALM
ER:
Do y
ou t
hink
yOu
can
iden
tify
two
thin
gs f
or u
s wh
ich
migh
t be
very
rel
eva
nt?
The
fir
st
is:
wha
t d
egr
ee
of
acc
ura
cy
did
you
nee
d i
n t
he
dro
gue
fixi
ng a
nd p
osit
ioni
ng t
o ha
ve
the
same
sens
itiv
ity
as r
equi
red
for
your
ana
lys
is?
Wha
t k
ind
of
acc
ura
cy
are
you
see
kin
g f
or,
say,
a 1
2 o
r 1
4—d
ay
drift?
Sec
ond
ly,
how
imp
ort
ant
is
get
tin
g s
yno
pti
c i
nfo
rma
tio
n o
n t
he
ten
drogues? What is the time frame?
MUR
THY
:
I h
ave
not
rea
lly
don
e a
ny
thi
nki
ng
on
this
.
Sin
ce
we
are
loo
kin
g a
t
lar
ge
sca
le
mot
ion
in
the
ord
er
of
wee
ks
and
mon
ths
and
the
acc
ura
cy
is
wit
hin
i 5
0 m
etr
es,
it
mig
ht
not
aff
ect
it
in
any
sen
se
bec
aus
e t
he
dro
gue
its
elf
is
alr
ead
y d
amp
ing
out
sma
lle
r s
cal
es
of
up
to
5 m
etr
es.
So
in
tha
t s
ens
e y
ou
will
prob
ably
have
limi
tati
ons
in t
he a
ccur
acy
due
to t
he t
echn
ical
conv
e—
nience. It depends on the type of technique.
So far as our competence in synopticity is concerned, I don't think even
that
make
s mu
ch d
iffe
renc
e if
we c
an m
ake
it a
t le
ast
part
ly s
ynop
tic
with
in a
coup
le o
f ho
urs
simi
lar
to t
he d
ye p
atch
, be
caus
e th
e dy
e pa
tch
is h
appe
ning
wit
hin
the
mom
ent
.
The
siz
e o
f t
he
pat
ch
tak
es
tim
e t
o d
eve
lop
, f
rom
two
to
six hours.
PALM
ER:
Can
we g
o ba
ck t
o yo
ur s
lide
of t
he d
ye s
pots
.
You
say
corr
ect
to
wit
hin
1 5
0 m
etr
es
and
tha
t i
ncl
ude
s t
he
dif
fer
enc
es
bet
wee
n t
hos
e s
pot
s.
That is why I asked the question.
MURT
HY:
The
accu
racy
for
drog
ue p
osit
ioni
ng i
n ou
r ca
se i
s ab
out
i 10
metr
es
because we are using radar navigation.
PALM
ER:
(Ref
erri
ng t
o th
e pr
ojec
ted
slid
e.)
If y
ou p
lott
ed
thos
e er
ror
bars
 l7
and you superimpose :ISO metres on those points then the differences that we
are getting between the relative groupings would not be quite so well defined,
I think.
MORTIMER: Well, I see it would be helpful to have the spread on a diagram of
that sort. You can Visualize a spread as equivalent to some statistical
confidence limit on the location.
PALMER: The other question I had concerned the starting time of drogue
tracking for dye patch comparisons. You say two hours.
MURTHY: Some of this tracking, I think, is fairly synoptic with so many
variables.
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BUOY TRACKING ON THE GREAT LAKES USING VERY LOW FREQUENCY
AND LOW FREQUENCY NAVIGATION AND COMMUNICATION SIGNALS TRANSMISSION
CHAPTER 2
Mr. J. Beukers
Beukers Laboratories, Inc.
Bohemia, New York
This paper describes the application of VLF (Very Low Frequency) (10-30
kHz.) and LF (Low Frequency) (30-130 kHz.) systems for tracking drifting buoys
and interrogating them by re—transmission on VHF (Very High Frequency) or UHF
(Ultra High Frequency) radiosonde applications - eg. re—transmission at
frequencies of 26, 350, 400, 406, 407 and 420 MHz. The merits of utilizing
the over 100 existing North American meteorological monitoring stations, are
noted.
Drifting buoy studies during the (1972) IFYGL (International Field Year
on the Great Lakes) are presented. Using differential Omega (VLF, 10-15
kHz.) or Loran—C (LF, a pulsed system with a mean frequency of 100 kHz.) a
position accuracy of i 100 to 200 ft. at a range of up to 1,000 km. is
possible for a fleet of buoys with re—transmission. Usually a 5-20 mile range
is found without re—transmission, dependent upon the antenna height. For data
recording, the "floppy" discs of 100,000 bit information capacity, available
for radiosondes, can be installed.
Also discussed is multiple remote tracking of drogues, with individual
identification for interrogation at specific intervals. Earth satellite
technology is similarly included as a viable system for drogue tracking and
re-transmission of data. For the Great Lakes, differential Loran—C (monitored
by the U.S. Navy using a Caesium-beam frequency standard) is favoured but the
geographical coverage is as yet inadequate for this region. Adequate Omega
coverage for the same region is expected by 1975.
The major element for implementing feasible systems concerns the problems
of management. This factor equals or exceeds the technological development
involved.
  
1)
2)
3)
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DISCUSSION
EATON: In synchronizing the Omega transmission, you probablydon't require an
oscillator in the buoy to keep in time with the satellite position?
BEUKERS: That is correct. Now this, I think, is a very powerful and subtle
device for keeping the buoys on track. It means that they have to be timed
once. Well, it is a fact that if the station goes down all the buoys will
skip the same amount at lO—second intervals. So, as long as you allocate time
slots they will come up in those divisions.
KERUT: Relatively speaking how much will they be, the buoys and their related
systems?
BEUKERS:\ I don't want to belabour the whole subject of re—transmission, but
just to give anexample here, I think that a device like this (demonstrates
instrument which is a radiosone Navaid receiver) will receive the spectrum of
Loran, tuned to receive from 10—150 kHz (KiloHertz). This (demonstrates same
receiver) is part of a Radiosonde and probably costs, as a sub—assembly, in
the order of $4-$6. The Radiosonde, incidentally, sells in quantity, from
$30—$50 which includes an aneroid element, a thermistor, etc. The demons—
trated receiving antenna is a 6-foot piece of wire which goes up the balloon
train.
KERUT: What category do you put the base station in? How do your costs com-
pare when you put the receiving station into the system at headquarters? The
cost to the investigator may be best.
BEUKERS: The cost to the investigator includes whatever packaging he has to
do and whatever timing and identification, etc., that he wishes to put into
  
it.
It
inc
lud
es
a b
ase
sta
tio
n.
But
a b
ase
sta
tio
n w
ith
the
mag
net
ic
tap
e
and
all
the
dat
a
red
uct
ion
equ
ipm
ent
run
s
fro
m
$50
,00
0-$
100
,00
0.
The
sys
tem
tha
t w
e h
ave
on
boa
rd
the
mob
ile
van
is
one
suc
h,
hav
ing
two
mag
net
ic
tap
es
and costs around $100,000.
KER
UT:
The
dif
fer
ent
ial
Ome
ga
re—
tra
nsm
iss
ion
sys
tem
tha
t w
e
are
wor
kin
g w
ith
is
not
mad
e b
y J
ohn
Beu
ker
s.
The
est
ima
ted
cos
t o
f t
he
buo
y p
ack
age
s r
ang
e
fro
m $
500
-$7
50,
not
inc
lud
ing
the
cos
t o
f t
he
buo
y.
The
sho
re
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tio
n e
qui
p—
men
t w
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h i
s b
ein
g s
et
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ran
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fro
m a
bou
t $
50,
000
to
$60
,00
0.
Tha
t i
ncl
ude
s
the
tot
al
dat
a a
cqu
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tio
n p
ack
.
I w
oul
d n
ote
als
o t
hat
, w
hen
you
use
the
Ome
ga
tra
cki
ng
sig
nal
s f
or
tim
ing
, i
t d
oes
lim
it
the
num
ber
of
buo
ys
whi
ch
you can use and retain for the travel links.
BEU
KER
S:
Wit
h t
ime
MUL
TIP
LEX
,
one
has
to
loo
k f
or
a m
inu
te
at
eac
h b
uoy
.
If
one
wan
ts
to
go
bac
k t
o l
ook
eac
h h
our
, y
ou
are
per
hap
s l
imi
ted
to
abo
ut
50
buoys.
POPP
E:
Have
you
trie
d di
vidi
ng t
he t
en s
econ
ds u
p fu
rthe
r?
In o
ther
word
s,
the
Ome
ga
sig
nal
giv
es
a l
O-s
eco
nd
tim
e m
ark
.
Wha
t a
re
you
pro
pos
ingt
o d
o
with it?
BEU
KER
S:
Wha
t w
e d
o i
s t
o u
se
tha
t t
en
sec
ond
s t
ick
and
div
ide
dow
n s
o t
hat
each buoy transmits once per hour for example.
POPPE: In effect what you have replaced is a crystal and one integrated
circuit.
BEUK
ERS:
Yes,
that
's r
ight
.
Exce
pt t
hat
you
are
assu
red
of t
he s
tabi
lity
whi
ch
for
wee
ks
wil
l b
e m
ain
tai
ned
acc
ord
ing
to
the
sta
tio
n.
I h
ave
jus
t o
ne
oth
er
com
men
t o
n t
his:
tha
t t
he
bas
e s
tat
ion
whi
ch
we
use
is
a d
iff
ere
nti
al
stat
ion,
it p
roce
sses
Lora
n, V
LF a
nd O
mega
and
we
inte
r—mi
x th
ese
so t
hat
we
can obtain coverage where, at present, Omega is lacking.
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PALMER: What is obtainable in terms of accuracy of location with some of
these hyperbolic—type (I think) transmissions?
BEUKERS: The Loran system will support, not on an absolute basis but on a
relative basis, accuracies in the order of 100 to 200 feet.
PALMER: What do you mean by "100 foot, relative"?
BEUKERS: If you have your cluster of buoys then We are addressing relative
positions of the buoys rather than an absolute position of the whole field.
We can then achieve greater accuracies and fifty feet type numbers are not
unreasonable.
PALMER: This is independent of rotation?
BEUKERS: I assume you mean rotation of the field. Acouracy depends upon
the Navaid geometry. Now 50-100 ft. would probably be achieved on Lake
Ontario, but as you go further away, the geometry and the signals become
poorer, then of course you will not support that type of accuracy.
PALMER: What is the absolute position?
BEUKERS: Using differential Omega or differential Loran with benchmarks,
we can achieve similar accuracy to relative positional accuracy. We take
account of propagation effects along the path of the Navaid transmissions.
Absolute position without any corrections can achieve an accuracy between
1,000 feet and 2,500 feet for Loran-C. Differential Omega will support
an accuracy of something like 1/4 mile within the vicinity of the monitoring
station. VLF, which has a higher frequency, will probably support the same
sort of accuracy. In the Great Lakes area, using North Dakota and Cutler
and Jim Creek, we could probably improve this.
PALMER: Are we associating that then with weather, such as thunderstorm
effects?
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BEUKERS: Yes, accuracy is affected by atmospheric noise. Thunderstorm
activity affects the signal: noise ratio rather than the signal phase. With
the
avai
labl
e si
gnal
s,
if w
e ar
e us
ing
Nort
h Da
kota
in t
he G
reat
Lake
s re
gion
,
ther
e sh
ould
be a
bsol
utel
y no
prob
lem
in t
his
rega
rd.
We w
ill
have
a pr
oble
m
with Trinidad - and probably when the Trinidad Station goes to Liberia - and
with Norway there may be some problems with the signal strength.
POPPE: One of the interesting things is that everybody thinks of the thun—
derstorm overhead whereas Omega can operate in violent thunderstorms and that
is not a problem. The problem is the large weather system a couple of hundred
miles away that is more harmful.
BEUKERS: Yes, the approaching cold front which has many Cumulo—Nimbus
thunderhead clouds is very active and causes a marked degradation of the
signal to noise ratio.
POPPE: Of course it has a more integrated effect. How many lightning strokes
do you get in all the thunderstorms going overhead? We have been in some
raging storms and I've seen some of the strangest static.
KERUT: I would like to make one comment on the differential Omega system
which we will be evaluating. The manufacturer claims accuracies in the order
of 100 metres out at distances of less than 50 miles and accuracies of 300
metres out to 100 miles through signal processing techniques. That's why we
are evaluating it.
WEBB: These are very well—noted numbers and I think they originate from
Burrough's and Mordrum's work.
CUTCHIN: Perhaps this question has been asked before. Are there essential
difficulties in running this type of system close to the water?
BEUKERS: No, Loran and Omega are received on the surface of the water and of
course Omega goes down a little bit but Loran doesn't penetrate very far.
 25
Typically, one needs a 3—foot whip antenna. We can use a smaller one but a
3—foot whip is a reasonable structure.
MORTIMER: Does it have to be dry or can it be wet?
BEUKERS: We have to remember that the impedance of an antenna to receive
these very low frequencies runs in the order of 500 kilohms to one Megohm
and therefore any leakage (freshwater is a bit better than salt water)
makes the antenna ineffective so we have to coat it with epoxy resin and
all those things that keep out moisture.
WILSON: I have just one question and that is what do you envisage, if
necessary, to re—transmit from a water surface as opposed to 5,000 - 10,000
feet up?
BEUKERS: Well, I think that maybe John Carros will address this a little
bit in his talk, but the swell and the fact that your signals are coming
off the surface means that you must get up to a reasonable altitude. As I
say, it is a restriction of this technique. If some high ground is avail-
able it‘s fine or if one flies a kiteoon* or has some other method but it
is a severe restriction on the range that one can get, unless one can go to
satellites or use HF (High Frequency) or some other communication technique.
WILSON: Coupled with that question was the transmission technique which
you have considered defective. What is there in terms of time space to add
sensor data, types for which we are not really aware of at this time?
BEUKERS: Sensor data can be either time or frequency MULTIPLEXED on the
carrier wave. The radiosonde sends back time multiplexed temperature,
pressure and humidity. Navigation signals occur at a different part of the
frequency spectrum, and one tries to keep them so that the met. and Navaid
don't interfere with one another. There is the opportunity to transmit
* Manufacturing trade name for a finned balloon.
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A SUMMARY OF POSITIONING METHODS FOR "TALKING BUOYS"
CHAPTER 3
R. M. Eaton
Bedford Institute of Oceanography
Darthmouth, Nova Scotia
INTRODUCTION
This is a brief summary of the positioning methods that first come
to mind as solutions for tracking drift buoys. The emphasis is on Loran-C,
not because it is necessarily best, but because our main experience over the
last few years has been with it.
A thorough study is recommended to develop the best compromise positioning
solution. The scientist must first outline his requirements for range;
frequency of interrogation; accuracy required in resolution, in instantaneous
velocity measurement, and in geographical location, etc.
However, these should
be permitted to adapt to positioning problems and possibilities.
The eventual
solution should be the result of a continuing dialogue between the scientist
and the specialist in positioning; however, both must obviously realise that
this process is not open ended.
At a certain stage the scientist must be pre—
pared to state his requirements and stick to them.
ACOUSTIC METHODS
Acoustics seem a logical solution for underwater instruments, but in
shallow water there are major problems (e.g. power loss due to surface and
seabed reflections)
that severely limit range, probably to a few km
at most.
The acoustic solution is probably useful only in small area local surveys.
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DIRECT—WAVE RADIO
This requires line of sight between the buoy and the transmitter. Satel-
lite navigation ("Transit") has this, but gives only intermittent fixes, at
random intervals. Motorola and Trisponder give very high accuracy from shore-
based radio-type interrogators, but the shore equipment is expensive (about
$35,000 for a 4—buoy system) and the buoy transponders are not expendable,
at $5,000 each.
RE—TRANSMITTED PHASE COMPARISON RADIO METHODS
either 1) Medium and Low Frequency, groundwave
or 2) Very low frequency, waveguide propagation.
Groundwave systems are much more stable and have higher resolution. They
suffer cycle identification problems.
VLF and Omega are unstable and must be operated differentially for reason-
able accuracy.
This is no great problem, as a differential monitor can be
built into the re—transmission receiver.
They also suffer cycle identification
problems, but at these low frequencies the “lanes” (unit beyond which the
measurement is ambiguous) are 15 km
wide, so that hourly interrogation will
maintain track of the correct cycle.
One solution of cycle ambiguity might be to D.F.
(Direction Find)
on the
re—transmission from the buoy.
Another
solution,
suggested
by M.
Poppe,
is
to employ
inverse
hyperbolic
positioning.
Phase comparison systems available include:
Medium
Frequency
(e.g.
Raydist,
Hi-Fix)
(Groundwave)
- Range limited to about 100 km, less over land;
-
A
user-operated
system
making
it
very
expensive,
as
the
user
must set
up
the
transmitters.
However,
he
has
the
advantage
of
deciding
the
coverage for the job in hand;
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Very
high
accuracy
(approx.
10
m
repeatability);
Acute
cycle
identification
problems.
Ambiguity
every
80
m.
Low
Freguency
(Loran—C,
DECCA)
(Groundwave)
(Note:
Can
be
user
operated
(e.g.
"Accufix",
"Pulse
8",
"Mini-chain",
"Megapulse"
are
all
the
same
portable
Loran—C;
"LAMBDA" DECCA).
These
are
so
expensive
as
to
be
ruled
out
except
for
operations
like
IFYGL;
Loran—C
coverage
is
at
present
fair
over
the
lower
Great Lakes,
marginal
to
non—existent
in
L.
Superior.
Full
coverage
should
be
available
by
1980,
perhaps
in
the
form
of
Figure
l.
Mini—chain
may
be
available
on a sharing basis earlier;
Accuracy
estimates
are
given
in
Table
1,
based
on
data
from
Figure
2.
With
differential
operation,
geographic
accuracy
approaches
repeat-
ability.
These
estimates
are
very
much
on
the
safe
side;
As
with
any
system,
Loran-C
will
occasionally
give
bad
results
if
extended
beyond
its
proper
operating
range
of
1,000
km
(650
N.M.*).
Figure
3
shows
an
example
of
this;
Cycle
ambiguity
problem
may
be
serious.
It
occurs
at
intervals
of
about 2—5 km.
The
constant
slope
of
the
readings
shown
in
Figures
2
and
3
is
a
harmless
feature
of
this
particular
range-measuring
receiver.)
Omega and VLF
Resolution
and
repeatability
are
lower
than
any
other
system;
Accuracy
degrades
with
distance
from
monitor
station;
Low
Signal
to
noise
ratio
seriously
affects
accuracy.
This
will
probably
be
marginal
on
all
stations
except
Hawaii
and
N.
Dakota,
and
as
the
Great
Lakes
are
near
the
hyperbolic
baseline
extension
of
this
pair,
Omega
fixing
is
questionable;
N
a
v
y
V
L
F
C
o
m
m
u
n
i
c
a
t
i
o
n
s
t
r
a
n
s
m
i
s
s
i
o
n
s
a
r
e
s
t
r
o
n
g
e
r
a
n
d
m
o
r
e
s
t
a
b
l
e
,
a
n
d
the
transmitters
in
Maine,
Panama
and
Washington
State
give
good
coverage
on
the
Great
Lakes.
Unfortunately,
VLF
is
not
scheduled
as
a
navigation
system,
and
too
heavy
r
e
l
i
a
n
c
e
on
it
could
be
d
i
s
a
s
t
r
o
us
in
the
case
that
signal
format,
etc.,
were
drastically
changed.
\
*
N
a
u
t
i
c
a
l
M
i
l
e
s
.
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REMARKS
This is a brief simplification of a complex technology, intended to give
an idea of the diversity of methods available.
It is unlikely that any one system will provide the solution. John
Beukers' suggestion of combining the signals of systems controlled by atomic
frequency standards (Loran—C, Omega, VLF) is an attractive one.
Figure 1. Possible future Loran-C
chain layout.
  
Table l
Loran—C Accuracy (20)
Maximum Position
Position Error (long axis
Reading Line of error diamond)
REPEATABILITY Sea 0.2 us 30—120 m 50—500 m
Land 0.5 us 75-300 m 150-750 m
GEOGRAPHIC Sea 1.0 us 150-600 m 300-2000 m
ACCURACY Land 2.0 us 250-1000 In 500—2500 In
 A
R
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I
V
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L
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M
E
(
/
L
s
e
c
)
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LORAN-C IQA.NORMAL CONDHWONS
CAROUNA BEACH,NC.
  
78L DISTANCE 950 NM.
0‘: OJO}LS€C
7
7
CAPE RACE,NFLD.
DISTANCE 450 NM.
9
“
A
W
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:
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W
MAW
8 .
2! I 22 I 23 ' 24
AUGUSTI972
Figure 2. Loran—C range measurements at medium
and long range under normal conditions.
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Figure 3. Loran-C range measurements at medium, long
and extreme ranges under bad conditions.
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DISCUSSION
POPPE:
There are two possible extensions which may be added to the system
you described.
First, in a retransmission system, when you receive a signal
at the buoy and retransmit it, it continues to travel along the telemetry
path at the speed of light (at the telemetry frequency).
This introduces
the possibility of measuring position in both the hyperbolic mode and
through ranging on the telemetry path.
In general, such a system provides
additional measurements, permitting a generalized, least squares position
solution (as opposed to separate solutions).
These measurements would be
carried out at one or — very powerfully — at two receiving sites, as
opposed to using a direction finding type of arrangement from which cycle
ambiguities are liable to result.
secondly, you could consider the use of inverse Loran—C or an inverse
hyperbolic system. In this case, the buoy tranSmission (not necessarily
of high stability) is received at three sites. From the three resultant
range measurements, we solve for latitude, longitude andfrequency. A
modification would receive and retransmit a single shore based signal (e.g.
the North Dakota Omega Signal). This would provide a stabilized signal
at the receiving sites. A final possibility wouldbe to transmit a
chirped 30 MHz pulse signal (a frequency-swept pulse).
Other than that, I couldn't come up with any other combination. You
did very well. However, I believe the Omega ranging concept is fairly
common .
EATON: I like that one. I don't like the idea of direction finding
because it is messy and inconvenient, but I think you wouldneed some very
special data processing to derive the information.
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able to DF it. But of course the accuracy degrades with distance, because
the position error due to a given bearing error is a linear proportion of
distance.
MORTDWER: If you have an array of antennae and increase the distance of
your antennae, can you increase the DF accuracy to a useful level?
EATON: You woild improve the accuracy by moving the direction finding
stations apart until they havea 90-degree signal intersection at the buoy
yOu are trying to DF. You would also improve it by having a number of BF
stations.
Airborne VOR (VHF omnidirectional range) presents the inverse of a
buoy problem. The aircraft to be positioned has a receiver which compares
a constant phase and a rotating phase signal from a large and expensive
ground antenna . Even so the accuracy is only within 2°-4°.
MORTIMER: I read a Doctoral Thesis from the University of Wales, Menai
Straits Station, where a student had been tracking buoys in the Irish Sea
with very large tidal currents. He was interested in residual flow, and he
had a land based station with rather an elaborate van with two Adcock
aerials of about 20 metres spacing. He claimed a bearing accuracy of two
degrees and ranges of up to 50 miles or so.
EATON: Well I'm suprised he got as good an accuracy as two degrees, but if
you were talking about fleets of buoys, you certainly will have an iden—
tification problem if you try direction finding. But that's a different
problem. I don't think DF is a very satisfactorysolution.
MORTIMER: If you have a fairly wide spacing to start with however, and
keep a complete time history on them, you can follow then by space
identification.
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A DEVELOPMENT AND TEST PROGRAM FOR DRIFTING BUOYS
CHAPTER 4
E. G. Kerut
National Oceanographic and Atmospheric Administration
Data Buoy Office
Bay St. Louis, Mississippi
This paper described the major program areas of the NOAA Data Buoy Office
in Oceanographic studies. The four programs are noted in Table l as:
—— expendable Lagrangian current buoys used in the Southern Ocean FGGE
Program (First GARP* Global Experiment);
-— HF/NAV—SAT (High Radio Frequency Navigation Satellite) Ice Buoy;
—— expendable Ice Buoys; and
-— "Tall" buoys for Air—Sea/Mixed Layer Studies.
Mr. Kerut illustrated the drifting buoy development program by means of a
schedule shown in Figure 1 covering events from Federal Fiscal Years 1975
through 1979.
Design features of Moderate (see Figure 2) and Severe Environment drifting
buoys (NOVA Series) are given, in addition to the types of sensors carried for
measuring wind speed, barometric pressure, air temperature, sea surface temp—
erature and water temperature at 5—100 metres depth described in Table 2.
The low cost expendable buoy for moderate environmental service, for example,.
employs the RAMS (Random Access Measurement System) — see Tables 3 and 4 —
communication with the proposed NIMBUS—F earth Satellite — see Figures 3 to 6 —
and is expected to have an operational lifetime of 6—12 months.
The RAMS system elements consist of a polar orbiting satellite, drifting
buoys and processing of platform and sensor data. Data telemetering described
in Table 5, and Doppler measurements comprise the measurement system and random
access includes both a random time of platform transmission at a random
frequency within the :6 kHz band. Features of the data telemetering technique
*Global Atmospheric Research Program
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Other communication systems considered are the TIROS-N satellite buoy
transmit terminal and the Loran—C low frequency radio re—transmission network.
As can be seen, these represent earth satellite—dedicated designs. Finally,
proposed performance goals of TIROS-N (l978-‘79) — shown in Table 8 — are
presented.
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Table l
DRIFTING BUOY MAJOR PROGRAM AREAS
Lagrangian current buoy
oceanographic expendable
configured for FGGE
o HF/NAV—SAT ice buoy
high accuracy
0 Expendable ice buoy
position fixing
GARP—A coverage
0 "Tall" buoy
Air-sea/mixed layer
DRIFTING BUOY
DEVELOPMENT PROGRAM
Figure 1
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Table 2
DRIFTING BUOY
MAJOR SUBSYSTEM DEVELOPMENT PROGRAMS
Communications
— NIMBUS—F (RAMS) buoy Transmit terminal
— TIROS-N Buoy transmit terminal
— Loran—C Retransmit
Sensors
— Barometric pressure
Hamilton—Standard—NCAR—design
National semi—conductor-NDBO design
cost reduction program
- Wind vector
— Sub-surface temperature
Drogues - Lagrangian tracking
At sea deployment
Table 3
RAMS PERFORMANCE GOALS
 
Launch date June 1975
Platform position location accuracy iSkm
Velocity determination accuracy :lm/second
Time tag accuracy 10.1 second
Maximum number of platforms in 200
satellite field of View (at any one time)
Maximum number of platform capacity 1,000
Bit error rate 10—4
Probability of detection 0.95
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Random time of platform transmission
Random frequency within iokHz band
0 Measurement system —
Data telemetry
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Table 5
DATA TELEMETRY FEATURES
 
Digital data transmission
a 401.2 MHz :l4.5 kHz
0 1 sec. transmission every 63 sec.
0 100 BPS data rate
0 32 data bits/transmission
o 64 data bit capacity
0 .i6OPSK modulation
Table 6
BUOY TRANSMIT TERMINAL (BTT) CHARACTERISTICS
Transmission Frequency:
401.2MHzi6kHz
Short Term Stability: 1 x 10-9
LOng Term Stability:
:A.2Hz per 15 minutes
Modulation: :600 :60 PSK
Coding:
Manchester—split
phase
Bit Rate: 100 BPS
RF Power Output:
2.4 Watts iddb
ID:
10 bit
programmable
ID
Physical Size:
Packaged to fit within a 4 inch
schedule 80 PVC pipe (21" (length) x
3.8" (Diameter))
Weight:
Under
4
pounds
Power Source: 12 VDC
Average Power: 300 mW
Operating
Environment:
—50
to
+4500.
with a max.
temperature slope of lOOC/day
Interface:
Flexible
combinations
of
analog
and parallel/serial digital
sensor input options
 
  
Table 7
RAMS ~ BTT DEMONSTRATED COMPATIBILITY TESTS
(using RAMS engineering model)
Dat
e
Loc
ati
on
Dur
ati
on
Rem
ark
s
20
Sept
. 1
973
GE,
Val
ley
For
ge
5 m
inu
tes
RF
lea
kag
e p
rob
lem
s b
ut
system showed compati—
bility when it operated
7 Fe
b.
1974
GE,
Vall
ey F
orge
42 m
inut
es
Comp
atib
ilit
y de
mons
trat
ed
26—27 Nov. 1974 T.I., Dallas, Tex. 7.5 hours Compatibility demonstrated
Freguency Drift
10 to 12Hz frequency changes
between successive trans—
missions (to be corrected
with use of new crystals)
Power Variation
No misses at —125dbm
received signal strength
29 out of 30 transmissions
were successful at -131 dbm
received signal strength
21 out of 30 transmissions
were successful at —l36 dbm
received signal strength
Table 8
TIROS—N PERFORMANCE GOALS
 
Schedule — lst launch January 1978
— 2nd launch July 1978
3rd —5th launch 1979—1981
5 satellites in orbit
2 fully operational, 3 limited operation
and backup
Configuration
Orbital Parameters
Sun synchronous polar orbit
833 km altitude
103 minute period
98.7o inclination
CDA - Wallops Island, Va.
Gillmore Creek, Alaska
Link Characteristics
— Uplink only at 401.650 +12kHz
- Circular polarization —
‘4 to 32 sensor word capacity/platform
- PSK at il.l radian modulation
400 BPS data rate
- 5-8km position accuracy
200 platforms in View at any time
2,000 platforms — global capacity
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DISCUSSION
CUTCHIN: Have you any comments to make about the new, inexpensive, radio drogues
which were used by Libby?
KERUT: He was working with the NORPAX people at Scripps Institute of Ocean—
ography, on several topics. The only comment that I could make is that
apparently up until the time of the marker he was successful with that system.
The signals cannot, however, all be attributed to a current.
CUTCHIN: In other words he was able to receive signals with that system
giving him a third degree of reliability?
KERUT: I might add that we were very successful using that tracking with our
system. We had a VHF tracking system on our buoy and at 2,500 feet altitude
one could locate the top of the buoy. We would send an aircraft up every
four or five days to observe the array. We could tell which buoy had a drogue
and which didn't and most of the drogues would stay clustered and drift only
four miles a day. The ones that had lost their drogue could drift off at
the rate of about 25 miles per day.
MORTDMER: Well that's significant isn't it?
KERUT: Yes, that provided more than just a list of experiments on the drogue
system, for we were able to recover the buoys and find out exactly what was
happening.
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A
SUMMARY
OF
THE
INSTRUMENTATION AND PROCEDURES
USED
IN THE BEAUFORT SEA SURFACE CURRENT SURVEY*
and
RADAR TRACKING OF DRIFT DROGUES IN RESTRICTED COASTAL AREAS
CHAPTER 5
Lorne Landry
Environment Canada
Ocean & Aquatic Affairs
Pacific Region Laboratory
Victoria, British Columbia
INTRODUCTION
This study was part of a group of investigations organized to study the
impact of offshore oil drilling on the Arctic environment and conversely, the
effect of the environment on the practicability of offshore drilling.
The
main objectives were (1) to track drogues over a very large geographical area
in a limited time period to determine a composite picture of the offshore
surface circulation in the Beaufort Sea as affected by winds,
tides,
fresh
water discharge,
and mean drift and
(2) to test the feasibility of tracking
drogues over a large area using aircraft.
INSTRUMENTATION
The buoyant radio beacons (see Figure l), constructed to withstand the
impact of being dropped from 100 ft at 100 knots, were developed
($12,000)
and produced at a cost of $109 each by Radio Engineering Products in Montreal.
They consist of a 1 watt VHF transmitter, a modulator, and timer and had an
expected life of two weeks but in fact transmitted from less than one week to
a month.
The circuit board and two 6 volt Mallory manganese alkaline lantern
batteries were supplied in a cylindrical aluminum buoy — the total weight of
*Mr. Landry's summary of material provided by Dobrocky Seatech Ltd. and
Dr. J. Garrett, Department of the Environment, Ocean and Aquatic Affairs,
Pacific Region.
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S
Lorne Landry
Environment Canada
Ocean & Aquatic Affairs
Pacific Region Laboratory
Victoria, British Columbia
INTRODUCTION
Th
is
te
ch
ni
qu
e
of
de
te
rm
in
in
g
th
e
su
rf
ac
e
fi
el
d
of
mo
ti
on
in
re
st
ri
ct
ed
coa
sta
l
are
as
was
dev
elo
ped
at
the
Ins
tit
ute
of
Oce
ano
gra
phy
,
Uni
ver
sit
y o
f
Br
it
is
h
Co
lu
mb
ia
(IO
UBC
)
by
Mr.
J.
Bu
ck
le
y
an
d
Dr.
S.
Po
nd
an
d
ha
s
su
bs
eq
ue
nt
ly
be
en
tu
rn
ed
ov
er
to
th
e
Co
as
ta
l
Zo
ne
Oc
ea
no
gr
ap
hy
Gr
ou
p,
Oc
ea
n
an
d
Aq
ua
ti
c
Aff
air
s,
Pac
ifi
c
Reg
ion
.
Two
stu
die
s
hav
e
sin
ce
bee
n u
nde
rta
ken
by
the
gro
up.
As
yet
dat
a r
edu
cti
on
and
ana
lys
is
hav
e n
ot
yet
qui
te
rea
che
d t
he
fin
al
sta
ges
,
although the software now exists at IOUBC.
The
inte
nt o
f th
is t
rack
ing
syst
em i
s tw
ofol
d:
(I)
To p
rodu
ce a
time
lap
se
mov
ie
to
ena
ble
an
imm
edi
ate
vis
ual
ins
pec
tio
n o
f t
he
sur
fac
e w
ate
r m
ove
—
ments and (2) To obtain a series of still photographs which can be easily
digitized and subsequently used to produce current roses, velocity vs. time
traces, local estimates and divergence, etc. as well as a "cleaned—up" movie
of a CRT* displaying only digitized drogue positions, a digitized coastline,
and various forcing functions such as wind speed and direction, tidal height,
and river flow if applicable.
Although this technique as presently developed is not directly applicable
to ranges of more than three miles radius the data reduction and analysis in—
volved is applicable to most methods of remote tracking of instruments in
coastal waters.
*Cathode Ray Tube
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INSTRUMENTATION
THE RADAR SE];
The set used was a standard Decca model RM 916 ($5200) with a 6 foot
*
scanner and a CRT of 7.5 inches effective diameter operating on a 3 n m range
 
scale having a 0.5 n m ring interval and using the long pulse length (0.75 us).
The power input was 115 V.a.c. with a 250 W. rectifier unit used to provide a
32 V.d.c. supply for the transceiver and display units and a 110 V.d.c. supply
for the turning unit. See the attachment for a more complete list of general
specifications.
 
L
It should be noted that the use of radar for tracking is somewhat weather ﬂ
dependent in that the quality of the image displayed is affected by the presence
of rain and sea clutter. However, since the camera shutter remained open for
six sweeps of the scanner a drogue return signal appears darker than light %
clutter which shows as a very large number of small echoes whose positions are
random from scan to scan. However. heavy clutter can completely obliterate
the screen and make the picture unuseable.
Decca states the range discrimination as 10 m on the 0.5 n m range
scale. Although no tests have been done, the overall range resolution including
radar error, optics errors, and digitizing errors is probably in the order of
£30 m on the 3 n m scale. Thus, in a one knot current with two pictures
taken 10 minutes apart during which time a drogue would travel about 300 m ,
the velocity would be in error by :10%.
111E gsMERAS
The still pictures were taken with a motorized Hasselblad model 500 EL/M
with a 70 frame back and a Zeiss Planar 1:3.5 f=100 mm lens fitted with a Proxar
f=lm to enable close-up focusing. ($2,000).
The movie was takenwith a Super 8 Nizo model 800 ($750) which has a built-
in intervalometer and an automatic aperture. The lens was open at all times
7':
-9
l nanometre = 10 metre
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ex
ce
pt
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ng
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lm
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nc
e
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h
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cu
rr
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er
y
12
se
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s.
Th
us
,
wh
en
vi
ew
ed
at
th
e
no
rm
al
sp
ee
d
of
18
fr
am
es
pe
r
se
co
nd
,
on
e
ho
ur
of
re
al
ti
me
is
se
en
every 17 seconds.
THE DBQGUES (See Figure 3)
The
dro
gue
s
eac
h
con
sis
ted
of
a
9"
x
9"
flu
ore
sce
nt
ora
nge
alu
min
um
rad
ar
ref
lec
tor
dri
lle
d t
o r
edu
ce
win
d
dra
gmo
unt
ed
ato
p a
n a
lum
inu
m p
ipe
mas
t 5
fee
t
long
by o
ne i
nch
in d
iame
ter.
Stra
pped
to t
his
mast
was
a wh
ite
ligh
t wh
ich
flas
hed
abou
t 30
time
s pe
r mi
nute
.
The
pipe
exte
nded
thro
ugh
a on
e fo
ot
dia
met
er
pla
sti
c f
loa
t t
o a
dep
th
of
one
met
re.
Cli
ppe
d t
o t
he
bal
l a
nd
the
bott
om o
f th
e pi
pe w
as a
blin
d of
wove
n po
lyet
hele
ne t
hrea
ds c
over
ed i
n pl
asti
c
10 f
eet
long
by o
ne m
etre
deep
whic
h wa
s fa
sten
ed t
o a
1" d
iame
ter
conc
rete
reinforcing rod acting as a weight with a 2" x 2" wooden pole for a float.
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DATA REDUCTION AND ANALYSIS
 
DIGITIZATION
All points appearing as drogues on the negatives were digitized using
a "trilateral reader" designed and built at the Pacific Biological Station in
Nanaimo, B.C.
This reader consisted of a Leitz Wetzlar Universal type projector,
adapted slightly to accept 70 mm film strips, mounted on a rigid frame with an
opaque screen on the opposite end. At each top corner of the screen is a
potentiometer with a spring loaded drum around which a string is wrapped — both
strings are attached to a cursor which can be moved anywhere on the screen.
The cursor is thus found by trilateration, the cursor and the two potentiometer
drums being the apices of a triangle. These have shown the error (including
that of the operator) between two points to be about 11%.
The paper tape output from the digitizing process thus contains for each
photograph: a digitized trilaterated coordinate for all points appearing as
a drogue, the radar site, and two reference points; identification of roll and
picture number, time, and date; a digitized coastline.
DROGUE IDENTIFICATION
The paper tape output from the digitizing process is put onto a 9 track
800 BPI magnetic tape which is then run through a program on the U.B.C.* IBM
370 computer which converts the trilaterated coordinates to rectangular ones
and puts them in a format compatable with the PDP—lZ computer where the infor-
mation is then displayed on a cathode ray tube.
On the PDP-lZ computer with the use of the prints and the log sheets kept
in the field each digitized point on every photograph is assigned its proper
dI‘Ogue number or identified as an unwanted point (log, boat, etc.) and removed.
This information is stored on a disc which is then used to generate a 9 track
800 BPI magnetic tape which is run through a Program on the IBM 370 C°mPUter
which removes unwanted points and sorts and assembles float track records. This
M
*University of British Columbia
  
  
ne
w
ed
it
ed
da
ta
fi
le
th
us
co
nt
ai
ns
ea
ch
re
co
rd
wh
ic
h
co
ns
is
ts
of
on
e
fl
oa
t
tr
ac
k
id
en
ti
fi
ed
wi
th
ti
me
s
an
d
re
ct
an
gu
la
r
co
or
di
na
te
s
fo
r
ev
er
y
dr
og
ue
po
si
ti
on
al
on
g
th
e
tr
ac
k.
DATA VERIFICATION
Tr
ac
ks
of
ea
ch
dr
og
ue
ar
e
in
te
rp
ol
at
ed
(c
ub
ic
sp
li
ne
in
te
rp
ol
at
io
n
wi
th
er
ro
r
al
lo
we
d
at
ea
ch
da
ta
po
in
t)
to
on
e
mi
nu
te
in
te
rv
al
s
an
d
di
sp
la
ye
d
in
tw
o
wa
ys
fo
r
da
ta
ve
ri
fi
ca
ti
on
wh
er
eb
y
er
ro
rs
ca
n
be
ea
si
ly
id
en
ti
fi
ed
:
(1)
Al
l
da
ta
po
in
ts
at
ea
ch
pa
rt
ic
ul
ar
ti
me
(i.
e.
ev
er
y
mi
nu
te
)
ar
e
co
ll
ec
te
d
an
d
dis
pla
yed
at
a d
esi
red
rat
e
to
pre
sen
t
a
"mo
vie
"
on
the
cat
hod
e
ray
tub
e.
(2)
Pos
iti
ons
,
vel
oci
tie
s,
and
acc
ele
rat
ion
s
are
dis
pla
yed
on
a 6
-ch
ann
el
analog brush recorder.
FINAL PRESENTATION AND ANALYSIS
 
A f
ina
l m
ovi
e i
s g
ene
rat
ed
on
the
cat
hod
e r
ay
tub
e f
rom
the
PDP
—lZ
com
put
er
and
is
fil
med
usi
ng
the
com
put
er'
s r
ela
ys.
As
wel
l a
s t
he
dig
iti
zed
coa
stl
ine
and
dro
gue
tra
cks
, v
ari
ous
for
cin
g f
unc
tio
ns
suc
h a
s a
vec
tor
of
win
d
spe
ed
and
dir
ect
ion
,
tid
al
hei
ght
,
riv
er
flo
w e
tc.
may
be
dis
pla
yed
.
A m
ore
use
abl
e f
orm
tha
n t
he
vis
ual
pre
sen
tat
ion
and
cur
sor
y i
nsp
ect
ion
is a
chie
ved
in t
he t
rans
form
atio
n fr
om L
angr
angi
an t
o Eu
leri
an f
low
coor
-
dina
tes.
Velo
city
data
poin
ts a
re c
olle
cted
in s
mall
boxe
s (
e.g.
% mi
le x
%
mile x 20minutes long) and velocities within the box are averaged to get a
sing
le c
urre
nt v
ecto
r, a
ssum
ing
that
at l
east
one
drog
ue w
as i
n th
e bo
x du
ring
the time period.
Further reduction would probably be dictated by the purposes for which the
analysis is to be carried out. Some options could include the production of
current roses, velocity vs time traces, divergence (either Langrangian or
Eulerian) or a search for relations between the forcing functions and currents
for time lags, lateral entrainments etc.
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CONCLUSION
Although
the
radar
tracking
system
as
used
is
only
applicable
for
short
range
large
scale
studies
there
are
more
expensive
possibilities
of
extending
the
range
somewhat
with
the
use
of
a
higher
power
output
radar
and
transponders
such
as
are
available
from
Motorola.
However,
the
techniques
of
data
reduction
are
applicable
to
any
system
of
tracking
of
drogues
and
other
drifting
instru-
ments
that
can
be
reduced
to
a
series
of
digitized
coordinates.
The
cost
of
the
field
system
with
a
large
number
of
drogues
is
less
than
$15,000.
Although
the
field
work
involved
is
manpower
intensive,
the
data
reduction
can
be
quickly
carried
out
by
one
person
using
easily
available
presently existing software and hardware.
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FINAL ANALYSIS
functions, divergence etc. as
desired
 
  
 
FREQUENCY BAND:
AERIAL SYSTEM
Type:
Polarisation:
Rotation:
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GENERAL SPECIFICATION
 
RADARS TYPE RM 914 AND RM 916
9415MH2 to 9475MH2
(X—band, wavelength approximately 3.2cm)
End—fed slotted waveguide array.
Horizontal.
Continuous 28 rev/min in relative wind
speeds of up to 100 knots.
RADAR TYPE RM914 RADAR TYPE RM916
Nominal aperture: 4 ft. (120 cm) 6 ft. (180 cm)
Turning circle: 52 in. (132 cm) 75 in. (191 cm)
Horizontal beamwidth at -3dB points: 1.30 l.go
Vertical beamwidth at —3dB points: 20 20
Sidelobes (relative to main beam)
within :10 : —23dB —25dB
outside thO: —30dB —32dB
Gain (relative to an isotropic radiator):+28dB +30dB
TRANSMITTER
Peak power:
Pulse generator:
P.R.F., pulse length (P.L.) and
mean power:
Second and third trace echoes:
3kw nominal.
Solid state pulse—forming network driving
a magnetron .
P.L. Mean power
P.R.F. (pulses
per second) (Micro—seconds) (Watts)
3400 0.05 0.5
1700 0.25 1.3
850 0.75 2.0
The interpulse interval is varied sinusoid—
al
ly
up
to
30
mi
cr
o-
se
co
nd
s
(2.
5
mi
le
s
)
50
ti
me
s
pe
r
se
co
nd
to
br
ea
k
up
fa
ls
e
echoes.
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y
:
H
e
a
d
i
n
g
m
a
r
k
e
r
a
c
c
u
r
a
c
y
:
R
a
n
g
e
d
i
s
c
r
i
m
i
n
a
t
i
o
n
:
M
i
n
i
m
u
m
r
a
n
g
e
:
Range scales,
r
a
n
g
e
r
i
n
g
i
n
t
e
r
v
a
l
s
a
n
d
p
u
l
s
e
l
e
n
g
t
h
s
:
R
a
n
g
e
r
i
n
g
a
c
c
u
r
a
c
y
:
 
L
o
g
a
r
i
t
h
m
i
c
w
i
t
h
b
a
l
a
n
c
e
d
m
i
x
e
r
.
lOdB nominal.
6OMHz .
l
8
M
H
z
w
i
t
h
0
.
0
5
u
s
p
u
l
s
e
l
e
n
g
t
h
.
6
M
H
z
w
i
t
h
0
.
2
5
u
s
a
n
d
0
.
7
5
p
s
p
u
l
s
e
l
e
n
g
t
h
.
M
a
n
u
a
l
a
c
q
u
i
s
i
t
i
o
n
w
i
t
h
a
u
t
o
m
a
t
i
c
f
o
l
l
o
w
.
M
a
g
i
c
—
e
y
e
i
.
f
.
i
n
d
i
c
a
t
i
o
n
.
Solid state.
9 in. (23 cm)
7
.
5
i
n
.
(
1
9
c
m
)
o
r
1
1
.
2
5
i
n
.
(
2
8
c
m
)
w
i
t
h
o
p
t
i
o
n
a
l
m
a
g
n
i
f
i
e
r
.
T
h
e
a
z
i
m
u
t
h
s
c
a
l
e
a
n
d
d
i
s
p
l
a
y
c
o
n
t
r
o
l
s
'
i
l
l
u
m
i
n
a
t
i
o
n
c
a
n
b
e
v
a
r
i
e
d
s
e
p
a
r
a
t
e
l
y
.
Better than 10.
Within % .
lO
yd
(1
9m
)
on
th
e
0.
5
n.
m.
r
a
n
g
e
sc
al
e
with 10m targets.
15
yd
(1
5m
)
on
lO
m
ta
rg
et
w
i
t
h
0.
05
us
pu
ls
e
le
ng
th
,
wa
ve
gu
id
e
ru
n
of
le
ss
th
an
15
ft
(5
m)
an
d
ae
ri
al
he
ig
ht
of
15
ft
(5
m)
.
Ra
ng
e
sc
al
e
Ri
ng
in
te
rv
al
Pu
ls
e
le
ng
th
(n
.m
.)
(n
.m
.)
(u
s)
Long Short
a
0.
25
0.
05
0.
05
b
0.
5
0.
25
0.
25
0.
05
c
0.
75
0.
25
0.
25
0.
05
d
1.
5
0.
25
0.
25
0.
05
e
3
0.
5
0.
75
0.
25
f
6
1
0.
75
0.
25
g
12
2
0.
75
0.
25
h
24
4
0.
75
j
48
8
0.
75
(S
ta
tu
te
mi
le
an
d
me
tr
ic
(k
m)
co
nv
er
si
on
kits are available.)
Wi
th
in
1&
2
of
th
e
ma
xi
mu
m
of
th
e
ra
ng
e
sc
al
e
in
us
e
or
75
yd
(7
0m
),
wh
ic
he
ve
r
is the greater.
Variable range marker:
Measurements:
Accuracy:
PERFORMANCE MONITOR:
Transceiver monitor:
Power monitor:
Accuracy:
POWER SUPPLIES
Mains input, limits of
variation and maximum
power consumption:
Optional fitting.
Continuous 25 yd to 48 miles in increments
of 1/100th of a mile to 10 miles range and
l/lOth of a mile above this range.
Within 1%2 of the maximum of the range
scale in use or 75 yd (70m), whichever
is the greater.
Optional.
A frequency swept cavity provides for an
overall performance indication.
A meter on the display provides a
continuous indication of r.f. power output.
A drop of less than 10dB in overall
performance or r.f. power output is readily
discernible.
Input Variation POWer
consumption
24V d.ct 20.6V to 32.4V 230W
32V d.c. 27.8V to 48V 230w
110V d.c. £102 —20% 270W
220V d.c. £102 —20% 288W
115V 1d & 3¢ a.c. iIOZ 255W
230V l¢ & 3d a.c. i102 255W
38GV—440V 3¢ a.c. i102 255w
The line—to-line voltage is used with
3d a.c. Supplies.
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DISCUSSION
E
A
T
O
N
:
W
h
a
t
s
o
r
t
o
f
s
y
n
t
h
e
s
i
s
a
n
d
r
e
s
o
l
u
t
i
o
n
d
o
y
o
u
t
h
i
n
k
y
o
u
c
a
n
o
b
t
a
i
n
f
r
o
m
t
h
e
r
a
d
a
r
s
y
n
t
h
e
s
i
s
p
h
o
t
o
g
r
a
p
h
s
?
L
A
N
D
R
Y
:
W
e
d
i
d
n
'
t
d
o
a
n
y
t
e
s
t
s
s
o
w
e
a
c
c
e
p
t
e
d
D
r
.
S
t
e
v
e
P
o
n
d
'
s
f
i
g
u
r
e
o
f
i
3
0
m
e
t
r
e
s
,
b
e
l
o
w
the
3
-
m
i
l
e
limit.
M
O
R
T
I
M
E
R
:
A
r
e
t
h
e
u
n
d
e
r
w
a
t
e
r
p
r
o
j
e
c
t
e
d
a
r
e
a
s
o
f
t
h
e
d
r
o
g
u
e
s
o
f
t
h
e
o
r
d
e
r
o
f
50
to
1
0
0
t
i
m
e
s
t
h
a
t
of
the
p
o
l
e
a
n
d
r
e
f
l
e
c
t
o
r
?
L
A
N
D
R
Y
:
Y
e
s
,
t
h
e
d
r
o
g
u
e
w
a
s
ten
f
e
e
t
l
o
n
g
b
y
o
n
e
m
e
t
r
e
deep.
O
n
l
y
a
n
a
l
u
m
i
n
u
m
pipe
w
i
t
h
a
9"
x
9"
radar
reflector
projects
straight
f
r
o
m
the
top
of
the
float.
WILSON:
Such
an
activity
is
good
to
see
where
you
can,
in
effect,
locate
the
position
by
aircraft.
The
aircraft's
position
was
in
fact
assumed
to
be
that
of
the
buoy,
by
optical
sighting.
Why,
then,
are
the
accuracies
fairly
low?
LANDRY:
These
are
due
to
positioning
by
DECCA,
which
has
a
$300
metre
accuracy
in
the
particular
part
of
the
pattern
used.
The
position
of
the
aircraft
in
relation
to
the
buoy
was
of
course
much
moreprecise
since
once
the
buoy
was
sighted
visually,
it
was
easy
to
fly
directly
over
it.
WILSON:
Yes,
but
basically
you
have
been
correlating
your
sighting
by
photo-
graphy as well as the position of the aircraft.
LANDRY:
No,
they
only needed
to fly
over
the
top of
the
drogue;
that
is if
they could see it, and I have explained the method used to "home in" to within
the
r
a
n
g
e
of
visibility.
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PLANE PERPENDIC-
ULA
R To
FLO
W
CRU
CIF
ORM
CIR
CUL
AR
PAR
ACH
UTE
   
Fig
.
1.
Evo
lut
ion
of
dro
gue
des
ign
s.
Dat
es
giv
en
ind
ica
te
fir
st
use
of
the
des
ign
, w
hen
kno
wn,
oth
erw
ise
the
y r
epr
ese
nt
the
dat
e o
f p
ubl
ica
tio
n.
Cit
ati
ons
for
the
des
ign
s a
re
giv
en
in
tex
t.
A c
omp
let
e l
ist
of
bib
lio
gra
phi
c c
ita
tio
ns
for
all
des
ign
s
rep
res
ent
ed
in
thi
s
fig
ure
can
be
fou
nd
in
Mon
aha
n
and
Mon
aha
n
(in prep.).
"Tr
end
s i
n D
rog
ue
Des
ign
" b
y E
dwa
rd
C.
Mon
aha
n a
nd
Eli
zab
eth
A.
Mon
aha
n,
Lim
nol
ogy
and
Oce
ano
gra
phy
, V
ol.
18,
No.
6,
Nov
emb
er
197
3,
pp.
981
-98
5
(Reproduced by kind permission of the publishers)
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EFFECTIVE
DESIGN
OF
LARGE
DROGUES:
EXPERIENCE
WITH
DIFFERENTIAL
OMEGA
BUOYS
IN
THE
GREAT
LAKES*
CHAPTER 6
Edward C. Monahan
Marine
Biological
Laboratory
Woods
Hole,
Massachusetts
We
began
our
drogue
work
in
the
Great
Lakes
in
1970
in
Grand
Traverse
Bay
of
Lake
Michigan,
using
"Vee"
drogues
suspended
from
simple
flag—buoys.
The
preliminary
results
of
that
study,
along
with
data
on
tow
tank
tests
of
individual
drogues
and
buoys,
and
a
discussion
of
a
graphical
technique
for
correcting
drogue—buoy
pair
trajectory
deduced
velocities
for
the
effect
of
surface
currents
on
the
buoy
(thus
obtaining
the
true
current
velocities
at
the
depth
of
the
drogue),
are
contained
in
Monahan,
Kaye,
and
Michelena
(1973).
A
thorough
historical
review
of
all
drogue
designs
used
over
the
past
400
years
was
undertaken,
and
resulted
in
two
publications:
Monahan
and
Monahan,
1973a
(includes
110
drogue
designs);
and
Monahan
and
Monahan,
1973b.
The
evolution
of
drogue
designs
is
illustrated
in
Figure
l,
reproduced
from
the
latter
paper.
This
led
us
to
recognize
the
desirability
of
using
the
largest
drogues
feasible
in
each
study.
The
attractiveness
of
the
"window—shade"
or
"sail"
drogue
design
was
confirmed
by
additional
tow
tank
testing
(Monahan
and
Allender, 1973).
Our
use of
a
600
ft2
sail
drogue
in Lake
Huron while
working
from the
65
foot
NOAA
R/V
SHENEHON during
the
summer
of
1973
(Figure 2)
represents
the
logical extension of this development.
Early in 1974 we successfully launched
the 1,800 ft2 sail drogue shown in Figure 3 (previously unpublished), but
that was done in the Windward Passage, and involved the use of the 240 foot
R/V KNORR of the Woods Hole Oceanographic Institution.
 
*Absent from workShOp. Manuscript forwarded by Author to Secretariat for
inclusion in the Proceedings.
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c
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.
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is
an
ci
en
t
te
ch
ni
qu
e
ca
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at
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)
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referred to is reproduced in full in the Appendix, owing to its value
in drogue design.
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 PROBLEMS
OF
DROGUES
IN
VERY
SHALLOW
WATERS
CHAPTER 7
G. K. Rodgers
Canada Centre for Inland Waters
Burlington, Ontario
A
brief
review
was
presented
of
the
tracking
of
drogues
in
the
Great
Lakes
with
emphasis
on
studies
in nearshore
areas.
This
synopsis
covered
the
earliest
experiments from 1959-1960 up to the present and outlined areas for further
research and development.
Initially,
traditional survey methods were used to position the buoys,
which were equipped with radiosonde transmitters up to a range of three to
four miles offshore by shorefront radiolocation stations.
These studies were
relatively successful.
The use of aircraft tracking of drogues during daytime
over 5-hour intervals was also employed in addition to obtaining charts of the
nearshore turbidity features.
It should be noted that the hazard of grounding
of drogues in shallow waters implies the need for expendability of drogues.
Less successful, however, has been the use of deduced reckoning in positioning
of both drifting and anchored reference standard drogues used both in shallow
and in deep waters.
The convergence behaviour of drogue clustersreferred to earlier by
Dr. Raj Murthy, has been observed. The maximum spread of a fleet of ten drogues
over several hours has been found to be 500 metres. The centroid of a dye
patch shows similar correlation under the same conditions. However, the incid—
ence of storms may well change the behaviour. A drift of 5 km/day with the
large inertial component superimposed, is usually observed for such a drogue
cluster.
The environmental instrumentation provided for the drogues usually comprises
temperature measurement for the water surface and at various depths in addition
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p
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c
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c
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O
N
MORTIMER:
What
use
would
a
current
record
be
on
a
drifting
drogue?
RODGERS:
That
is
only
a worry
when
you
have
the
problem
of
ensuring
that
the
current
and
the
drogue
are
going
in
the
same
direction.
MORTIMER:
So
you would
be anticipating
a zero
signal?
POPPE:
The other
possibility
is that you
could
be observing differential
current when you have a deep—set drogue, where the actual vane is some distance
down.
MURTHY:
Early, I think, in the volumes "The Sea", Knauss wrote a short
article on The Design of Drogues.
In his footnote he mentioned that quite often
people do not recognize the importance of the depth of the drogue, since it is
an aspect which is often ignored.
EATON: I would just like to mention the traditional way of locating a drogue
by getting some type of a report where it washed ashore.
EATON: Can you say whether you want to measure instantaneous velocity or do
you just want to know where it is at one hour and then one hour or so later?
RODGERS: Well, that depends somewhat on the objectives of the study. If it
is a question of finding out where it goes over a period of a week or two, I
suspect our major problem will be just trying to make sure that the inertial
motion does not last. The latter has a 17-hour period so the location should
be verified twice every two hours. If one is seeking convergence information
and the like, that requirement may be too lax.
"
  
76
EA
TO
N:
So
,
fo
r
a
sy
st
em
fo
r
an
y
ge
ne
ra
l
ap
pl
ic
at
io
n
yo
u
wo
ul
d
wa
nt
bo
th
ca
se
s
available?
RO
DG
ER
S:
Ye
s,
th
at
is
tr
ue
.
I
do
no
t
kn
ow
,
bu
t
I
th
in
k
th
at
se
co
nd
re
qu
ir
em
en
t
should be assessed.
MO
RT
IM
ER
:
In
th
e
op
en
wa
te
rs
of
th
e
Gr
ea
t
La
ke
s
in
th
e
su
mm
er
,
th
e
in
er
ti
al
mo
ti
on
wh
ic
h
yo
u
se
e
is
al
mo
st
th
e
on
ly
fe
at
ur
e
ev
id
en
t.
Yo
u
wo
ul
d
wa
nt
to
follow that.
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Y
BUOYANT
FLOATS
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IN
DEEP
O
C
E
A
N
WORK
WITH
SONIC
TECHNIQUES
CHAPTER 8
D. Webb
W
o
o
d
s
Hole
Oceanographic
I
n
s
t
i
t
ut
i
o
n
W
o
o
d
s
Hole,
M
a
s
s
a
c
h
u
s
e
t
t
s
TECHNIQUE
The
use
of
acoustic
methods
for
tracking,
positioning
and
interrogating
ocean
drogues
was
discussed
in
this
presentation.
The
method
can
be
used
at
any
depth,
preferably
in
deep
water.
It
was
stressed
that
the
importance
of
program
management
is
essential
at
all
stages
of
the
operation;
from
personnel
training
to
data
collection
and
processing.
EQUIPMENT
AND
OPERATIONAL
ASPECTS
 
Three
general
types
of
neutral
buoyancy
floats
were
described
for
ocean
use.
No
major
problems
arise
from
internal
data
recording
or
telemetering
these
data
on
the
same
acoustic
plane;
ship
tracking
and
interrogation
of
buoys
can
be
used,
for
a
signal
range
of
up
to
0.5
km
,
of
the
pressure,
temperature
and
current
meter
instrumentation.
Position
accuracy
in
ship
tracking
depends
on
that
obtainable
for
the
ship
itself.
In
Webb's
hydrographic
survey
of
water
density,
the buoys
are
adjustable
for
flotation at
any
given
density surface.
By observing their motion, vertical currents can be accurately
gauged to within :70 metres depth.
For long range tracking of buoys, Webb used six shore-based stations to
simultaneouSly pOSition up to 200 drogues at a range of 1,500 km
or greater
with a relative accuracy of j?00 metres; absolute accuracy being ii km,
These
drogues,
with
an expected
operational
endurance
of
18 months,
were launched
in the Atlantic Ocean in April 1973 and observations are expected to continue
 in
to
19
75
.
Va
ri
ab
le
fr
eq
ue
nc
y
tr
an
sm
is
si
on
wa
s
us
ed
an
d
po
si
ti
on
in
g
fi
xe
s
we
re
ma
de
ev
er
y
fo
ur
ho
ur
s,
to
pl
ot
dr
og
ue
tr
aj
ec
to
ri
es
.
Co
st
s
ar
e
ab
ou
t
$5
,0
00
fo
r
ea
ch
dr
og
ue
.
CONCLUSIONS
Th
es
e
dr
og
ue
s,
em
pl
oy
in
g
th
e
ac
ou
st
ic
te
ch
ni
qu
e,
op
er
at
ed
sa
ti
sf
ac
to
ri
ly
un
de
r
ic
e
an
d
in
de
ep
wa
te
r,
bu
t
th
e
so
ni
c
me
th
od
ma
y
no
t
be
re
ad
il
y
ap
pl
ic
ab
le
to
th
e
Gr
ea
t
La
ke
s
wi
th
sh
al
lo
w
wa
te
r
an
d
bo
th
su
rf
ac
e
an
d
la
ke
be
d
in
te
rf
er
en
ce
.
Co
ns
eq
ue
nt
ly
,
si
gn
al
in
te
rp
re
ta
ti
on
ma
y
be
ob
sc
ur
ed
by
th
es
e
fa
ct
or
s
in
ad
di
ti
on
to
th
er
mo
cl
in
e
(i
.e
.
wa
te
r
de
ns
it
y)
ab
er
ra
ti
on
s.
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DISCUSSION
MORTIMER:
One
point
was
mentioned
briefly
here,
that
acoustic
techniques
do
provide
a
three
dimensional
capability
with
neutrally
buoyant
floats.
The
drogues
about
which
we
were
talking
have
the
major
and
inescapable
defect
that
they
do
not
measure
vertical
motion.
In
fact,
they
are
measuring
a
kind
of
integrated,
horizontal
motion,
and
the
vertical
motions
are
completely
lost.
That is the first point.
WEBB:
The
floats
will
work
quite
well
under
ice
and
will
operate
in
deep
water
at
depths
where
you
would
not
care
to
immerse
a
drogue.
MORTIMER:
Can
they
be
ballasted
to
float
in
something
like
10
or
20
metres
of
water or otherwise be adapted?
WEBB:
Yes,
they
can
be ballasted to
remain on a density
surface.
As
long
as we say "on a certain density surface", then they can be.
MORTTMER:
Well,
that is just what is not wanted.
We would normally require
the drifters to be above or below the thermocline.
PALMER:
For sonic tracking one could use a device like a commercial hydrophone
to receive the signal that was about half the range.
WEBB: Yes, the shipboard is. Each of the three cases I have shown you is
different.
The long range tracking is done from fixed land base stations.
PALMER: Radio stations? Are these antennae?
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WE
BB
:
No
,
th
es
e
ar
e
un
de
rw
at
er
hy
dr
op
ho
ne
s.
Th
e
so
un
d
tr
av
el
s
1,
00
0
km
.
th
ro
ug
h
th
e
wa
te
r
an
d
is
re
ce
iv
ed
.
PA
LM
ER
:
Ar
e
sp
ec
ia
l
po
si
ti
on
in
g
me
th
od
s
ut
il
iz
ed
?
WE
BB
:
No
,
th
ey
ar
e
ex
ac
tl
y
th
e
sa
me
as
th
e
ra
di
o
te
ch
ni
qu
es
th
at
ha
ve
be
en
de
sc
ri
be
d
he
re
:
ra
ng
e—
ra
ng
e
an
d
hy
pe
rb
ol
ic
.
EA
TO
N:
To
us
e
ra
ng
e—
ra
ng
e,
do
yo
u
ha
ve
an
os
ci
ll
at
or
?
WE
BB
;
Ye
s,
we
ca
rr
y
a
TC
XO
(T
em
pe
ra
tu
re
Co
mp
en
sa
te
d
Cr
ys
ta
l
Os
ci
ll
at
or
)
of
re
as
-
on
ab
le
st
ab
il
it
y,
re
me
mb
er
in
g
th
at
so
un
d
tr
av
el
s
mu
ch
mo
re
sl
ow
ly
th
an
ra
di
o
wa
ve
s.
Ev
er
y
we
ek
or
so
wh
en
co
nd
it
io
ns
ar
e
qu
ie
t,
we
ob
ta
in
a
fi
x
fr
om
th
re
e
or
mo
re
st
at
io
ns
.
Th
is
pe
rm
it
s
us
to
ma
in
ta
in
a
pl
ot
of
th
e
of
fs
et
of
th
e
os
ci
ll
at
or
.
In
th
e
in
te
ri
m,
tw
o
st
at
io
ns
ar
e
ad
eq
ua
te
.
It
wo
rk
s
ni
ce
ly
as
lo
ng
as
th
e
da
ta
pr
oc
es
si
ng
sy
st
em
is
re
ad
y
to
ha
nd
le
al
l
th
es
e
si
gn
al
s.
Th
e
si
gn
al
s
re
ce
iv
ed
ar
e
di
gi
ti
ze
d
an
d
re
co
rd
ed
at
th
es
e
ra
th
er
fa
r—
fl
un
g
re
ce
iv
in
g
si
te
s
an
d
th
e
re
su
lt
s
fl
ow
n
ba
ck
re
gu
la
rl
y
fo
r
ana
lys
is.
The
fie
ld
wor
k
is
fol
low
ed
wit
h a
del
ay
of
aro
und
sev
en
day
s.
PAL
MER
:
Wit
h
the
Son
ar
tec
hni
que
how
sha
llo
w c
an
you
ope
rat
e w
ith
the
ins
tru
men
ts?
WEB
B:
Tha
t t
ech
niq
ue
has
a l
imi
ted
dep
th
ran
ge.
We
con
sid
er
it
pra
cti
cal
.
At
POL
YMO
DE
we
are
pla
nni
ng
to
wor
k a
t 7
00
met
res
and
2,0
00
met
res
.
Abo
ve
700
met
res
it
bec
ome
s i
ncr
eas
ing
ly
dif
fic
ult
and
I t
hin
k w
e w
oul
d n
eve
r u
se
it
abo
ve
400
or
500
met
res
.
We
can
not
go
bel
ow
3,0
00
met
res
, t
hat
is
in
the
Atlantic Ocean.
PALM
ER:
So 4
00 m
etre
s is
an u
pper
limi
t as
far
as t
he a
cous
tic
tech
niqu
e is
conc
erne
d?
My r
easo
n is
that
I wo
uld
like
to c
ompa
re t
he a
naly
ses
befo
re19
74-
WEBB: Yes, in fact some of the early instruments we lent to Dr. Richardson
(NO
AA
Dat
a
Buo
y
Cen
ter
)
to
mak
e
tha
t k
ind
of
com
par
iso
n,
had
a n
eut
ral
ly
buo
yan
t
device at the same depth.
 
 CUTCHIN:
There
is
one
more
dimension
to
the
acoustic
tracking
area.
It
applies
to
the
Great
Lakes
and
certainly
it
will
not
apply
so
easily
to
the
oceans.
With
a
very
inexpensive
depth
finder,
a
hanger,
you
can
locate
not
exactly
your
position
on
the
basis
of
some
sort
of
recognizable
topography,
but
you
can
add
another
coordinate
to
it.
If
you
have
something
that
gives
you
approximate
position,
you
are
also
transmitting
fairly
closely
to
the
exact
depth
from
a
local
bathymetric
chart
and
can
interpolate.
Use
what
information
you
have
and
have
another
source
too.
This
would
probably
reduce
the
total
amount
of
error
considerably.
In
the
case
of
the
oceans
there
may
he
places
where
you
can
use
it
but
it
would
be
fractionally
speaking,
the
depth
variations
being
so
very
small
compared
with
the
Great
Lakes.
WEBB:
The
bathymetric
charts
are
inadequate
for
finding
position.
MORTIMER:
Do
you
investigate
microstructure
on
descending?
This
is
something
that
Charles
Cox
has
been
investigating
at
the
Scripps
Institute
of
Oceanography.
WEBB:
_Not
in
general.
We
do
carry
out
studies
of
that
sort
but
our
developments
in
the
past
few
years
have
been
in
the
long
range
signalling
for
MODEilike
experiments
of
long
time
apertures
for
analysis.
It
is
our
intention
at
POLYMODE,
however,
to
recommend
controlling
the
depth
of
floats
and
to
telemeter
temperature from all floats.
WATSON:
In describing your last buoy you mentioned that most of the weight
of the long range model was due to the batteries.
I feel it is a limiting
Q
factor and one fundamental to this exercise.
Several years ago I contacted
:
a firm that manufactured carbon batteries for railway use.
They could be used
at 40° to 500 F. below zero and in remote locations and when once filled, would
last
for
a whole winter.
I wonder whether
that type
of
firm has
provided
any
ideas to aid this type of program?
WEBB: Well, two quick facts about batteries. It is my experience that, up
until five years ago, anyone in this business had to be very alert about what
could be obtained from power sources because they were rapidly becoming the
limiting feature in most ocean instrumentation.
* .
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 Th
e
de
ve
lo
pm
en
t
of
th
e
CO
SM
OS
el
ec
tr
on
ic
s
ha
s
re
le
as
ed
us
.
Th
is
us
e
is
fo
r
si
gn
al
pr
oc
es
si
ng
,
no
t
fo
r
tr
an
sm
is
si
on
an
d
it
ha
s
op
en
ed
th
e
do
or
wi
de
ly
.
No
w
th
er
e
is
no
re
al
po
we
r
pr
ob
le
m
at
al
l.
We
ha
ve
ob
se
rv
ed
ve
ry
ca
re
fu
ll
y
i
al
l
th
e
de
ve
lo
pm
en
ts
in
po
we
r
so
ur
ce
s,
bu
t
it
tu
rn
s
ou
t
th
at
,
in
ea
ch
ca
se
,
a
co
mp
ar
at
iv
el
y
si
mp
le
mi
nd
ed
an
d
ol
df
as
hi
on
ed
el
ec
tr
oc
he
mi
ca
l
co
up
le
is
th
e
on
e
to
us
e.
So
me
bo
dy
wi
th
a
bi
g
pr
od
uc
ti
on
li
ne
wh
o
ma
ke
s
th
em
is
th
e
be
st
gr
ou
p
to
de
al
wi
th
.
Bu
t,
fo
r
so
me
in
st
ru
me
nt
s
wh
ic
h
us
e
on
ly
a
sm
al
l
am
ou
nt
of
po
we
r,
yo
u
ca
n
af
fo
rd
an
ex
ot
ic
cel
l.
He
re
,
wh
er
e
we
ar
e
ca
rr
yi
ng
7%
ki
lo
wa
tt
hou
rs
of
ene
rgy
in
eac
h o
f
tho
se
big
flo
ats
,
we
use
les
s
exo
tic
sou
rce
s:
it
is easier to pay for the flotation.
KER
UT:
I c
an
amp
lif
y o
n t
hat
.
Usi
ng
alk
ali
ne
cel
ls
we
are
abl
e t
o g
et
a y
ear
's
life
, t
hat
is
for
the
Buo
y T
ran
smi
t T
erm
ina
l t
o t
he
sat
ell
ite
, w
her
e i
t i
s
activated for one second every minute.
PAL
MER
:
In
you
r e
xpe
rie
nce
, d
o y
ou
thi
nk
it
wou
ld
be
pos
sib
le
to
tak
e t
ran
s-
miss
ions
rece
ived
at s
ever
al d
iffe
rent
fixi
ng s
tati
ons
(on
a hy
drop
hone
)?
Wou
ld
it
be
pos
sib
le
to
sor
t o
ut
sig
nal
ref
lec
tio
ns
in
a n
ear
sho
re
are
a
by
wor
kin
g t
hem
aga
ins
t e
ach
oth
er
and
tre
ati
ng
the
m,
suc
h t
hat
you
wou
ld
obtain a constant signal?
WEBB: Yes, up to a point I think it would be. 3
PALMER: Has anybody tried that? What would the signal look like?
MORTIMER: It would involve pulse technology and processing the first echo
arrival, wouldn't it?
WEBB: It might do that. My colleagues are involved in this work, which is
very relevant to sound transmission and is important in detecting submarines.
In our own work we know that the sound is coming quite clearly down the sound
channel but, as it approaches our land—based hydrophones, it starts to
intercept the bottom and we get both the bottom and surface reflections.
 
  
P
A
L
M
E
R
:
C
a
n
y
o
u
d
i
f
f
e
r
e
n
t
i
a
t
e
b
e
t
w
e
e
n
t
h
e
s
e
?
W
E
B
B
:
Y
e
s
,
t
o
a
d
e
g
r
e
e
y
o
u
c
a
n
.
T
h
e
s
u
r
f
a
c
e
r
e
f
l
e
c
t
i
o
n
s
a
c
t
u
a
l
l
y
s
o
r
t
o
u
t
v
e
r
y
w
e
l
l
b
e
c
a
u
s
e
o
f
t
h
e
D
o
p
p
l
e
r
S
h
i
f
t
d
u
e
t
o
t
h
e
m
o
t
i
o
n
o
f
t
h
e
s
u
r
f
a
c
e
a
n
d
y
o
u
c
a
n
g
e
t
a
m
e
a
s
u
r
e
o
f
t
h
e
s
u
r
f
a
c
e
r
o
u
g
h
n
e
s
s
i
f
y
o
u
i
n
s
p
e
c
t
t
h
e
m
c
a
r
e
f
u
l
l
y
.
P
A
L
M
E
R
:
Y
o
u
c
a
n
f
i
l
t
e
r
t
h
a
t
o
u
t
e
l
e
c
t
r
o
n
i
c
a
l
l
y
o
r
v
i
s
u
a
l
l
y
?
W
E
B
B
:
A
g
a
i
n
,
i
t
d
e
p
e
n
d
s
o
n
e
a
c
h
s
i
g
n
a
l
l
i
n
g
s
y
s
t
e
m
a
n
d
h
o
w
l
o
n
g
,
w
h
a
t
s
p
e
c
t
r
a
l
a
p
e
r
t
u
r
e
y
o
u
h
a
v
e
a
n
d
w
h
e
t
h
e
r
y
o
u
c
a
n
r
e
s
o
l
v
e
t
h
o
s
e
p
a
r
t
s
s
h
i
f
t
e
d
o
u
t
s
i
d
e
by Doppler effects.
PALMER:
What
about
the
bottom?
WEBB:
It
does
not
cause
us
a
lot
of
trouble.
I'm
sorry
that
I
a
m
not
g
i
vi
n
g
you
a
very
adequate
answer.
MORTIMER:
Have
you
any
remarks
on
Mr.
Striffler's
work?
WEBB:
Yes,
we
had
a
contract
at
Woods
Hole
Oceanographic
Institute
for
a
radio—
 
trackable
buoy.
The
work
began
a
number
of
years
ago.
It
was
intended
to
transmit
in
the
high
frequency
band
with
a
modulated
carrier
wave
to
assist
in
the
problem
of
lane
resolution.
The
problem
we
faced
is
that
the
chief
engineer,
Striffler,
had
left
the
Oceanographic
Institute
before
the
work
was
really
technically
mature
and,
at
the
moment,
we
don't
have
any
plans
to
carry
that
further
forward.
The
report
of
that
work
is
in
the
final
stages
of
preparation.
QUESTION:
One
comment
on
the
work
that
Dr.
Richardson
was
doing
in
the
Gulf
of
Maine
this
Fall
(1974).
Didn't
he
have
problems
with
vertical
stability?
He
couldn't
get
the
float
to
stay
at
one
depth
for
it
would
either
sink
to
the
bottom
or
surface.
It
was
apparently
a
problem
of
density
gradient;
at
least
in
this
system.
Would
there
be
a
similar
problem
in
a
fresh
water
body?
  
WE
BB
:
I
do
n'
t
kn
ow
hi
s
pr
ob
le
ms
.
Th
e
fl
oa
ts
sh
ou
ld
st
ab
il
iz
e
ev
en
in
ne
ut
ra
ll
y
stable water.
KE
RU
T:
We
ha
d
a
pr
ob
le
m
wi
th
th
at
so
we
fi
na
ll
y
ga
ve
up
th
er
e
an
d
de
ci
de
d
to
c
o
n
t
i
n
ue
th
e
w
o
r
k
of
f
th
e
Ea
st
Co
as
t
of
Fl
or
id
a.
MO
RT
IM
ER
:
Bu
t
th
e
fl
oa
t
bu
oy
an
cy
de
pe
nd
s
on
th
e
di
ff
er
en
ce
be
tw
ee
n
fl
oa
t
co
mp
re
ss
ib
il
it
y
an
d
wa
te
r
co
mp
re
ss
ib
il
it
y,
do
es
n'
t
it
,
an
d
no
t
at
al
l
on
th
e
density gradient?
WE
BB
:
Of
co
ur
se
,
th
e
re
st
or
in
g
fo
rc
e
is
th
e
bu
oy
an
cy
fo
rc
e
an
d
de
pe
nd
s
on
th
e
de
ns
it
y
gr
ad
ie
nt
.
Bu
t,
ev
en
if
th
e
wa
te
r
is
ne
ut
ra
ll
y
st
ab
le
,
th
er
e
is
st
il
l
a
de
ns
it
y
gr
ad
ie
nt
th
at
th
e
fl
oa
t
wi
ll
si
t
on
.
We
do
ha
ve
so
me
pr
ob
le
ms
bu
t
no
t
of
th
at
ki
nd
.
We
ha
ve
ob
se
rv
ed
su
bt
le
th
in
gs
li
ke
cr
ee
p
in
th
e
ho
us
in
gs
.
EA
TO
N:
Ca
n
I
re
tu
rn
to
ac
ou
st
ic
s
an
d
th
e
sh
al
lo
w
wa
te
r
po
si
ti
on
in
g
pr
ob
le
m.
Wh
y
ca
n
yo
u
no
t
do
as
Dr
.
Mo
rt
im
er
su
gg
es
te
d
an
d
ju
st
ta
ke
th
e
fi
rs
t
ar
ri
va
l
of a pulse?
WE
BB
:
I
ca
nn
ot
th
in
k
of
an
y
re
as
on
wh
y
no
t.
My
co
nc
er
n
wo
ul
d
be
mo
st
ly
wh
et
he
r
th
e
si
gn
al
wo
ul
d
ge
t
th
ro
ug
h
wi
th
ou
t
an
un
ac
ce
pt
ab
ly
la
rg
e
nu
mb
er
of
re
fl
ec
ti
on
s;
ea
ch
re
fl
ec
ti
on
be
in
g
a
lo
ss
.
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CHAPTER 9
P. Wilson
C
o
m
p
u
t
i
n
g
D
e
v
i
c
e
s
C
o
m
p
a
n
y
Ottawa, Ontario
INTRODUCTION
Computing
Devices
Company,
Ottawa
-
ComDev
Marine
Division
—
was
contracted
in
M
a
r
c
h
1974
by
E
n
vi
r
o
n
m
e
n
t
Canada's
Ocean
and
A
q
ua
t
i
c
A
f
f
a
i
r
s
Directorate,
Pacific
Region,
Victoria,
B.C.
to
undertake
an
investigation
into
the
feasibility
o
f
t
r
a
c
k
i
n
g
d
r
i
f
t
i
n
g
b
u
o
y
s
i
n
C
a
n
a
d
i
a
n
W
a
t
e
r
s
.
S
p
e
c
i
f
i
c
a
t
i
o
n
s
o
f
t
h
e
c
o
n
t
r
a
c
t
are
p
e
r
t
i
n
e
n
t
to
the
r
e
q
ui
r
e
m
e
n
t
s
of
this
workshop,
being:
—-
to
track
a
maximum
of
10
drifting
buoys
simultaneously
at
a
range
up
to
100
miles
offshore
with
an
accuracy
of
il
mile;
—-
the
buoy,
together
with
its
sensors
and
electronic
radio
equipment,
must
be
expendable
at
a
cost
of
less
than
$1,000
yet
with
a
minimum
operational
lifetime
of
10
days;
—-
the
central
control
station,
costing
less
than
$100,000,
should
be
able
to
position
and
interrogate
each
buoy
every
one
to
two
hours.
The
report
included
contributions
from:
-
American
Electronics
Laboratories
Inc.
-
Applied
Physics
Laboratory,
University
of
Washington
- 'Beukers Laboratories, Inc.
- Communications Research Centre
- NSA, Goodard Space Flight Center
- National Research Council of Canada
- NOAA, National Data Buoy Center
- Satellite Positioning Corporation
-
Westinghouse
Electric
Corporation,
Georesearch Laboratory.
 
*We are indebted to Dr. J. Garrett, Pacific Region Laboratory, for granting
permission to cite this contractor's report, "An Investigation into the
Feasibility of Tracking Drifting Buoys in Canadian Waters , March 1974, in
t
h
e
s
e
P
r
o
c
e
e
d
i
n
g
s
.
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OP
ER
AT
IO
NA
L
PO
SI
TI
ON
IN
G
CO
NT
RO
L
SY
ST
EM
S
 
Dr
aw
in
g
on
ma
te
ri
al
in
th
e
st
ud
y
re
po
rt
,
th
e
au
th
or
re
vi
ew
ed
th
e
ap
pl
ic
ab
il
it
y
of
ex
is
ti
ng
na
vi
ga
ti
on
an
d
co
mm
un
ic
at
io
n
sy
st
em
s
an
d
re
la
te
d
da
ta
ex
am
in
at
io
n
an
d
ha
nd
li
ng
pr
oc
es
se
s.
Th
e
fo
ll
ow
in
g
we
re
re
vi
ew
ed
:
Be
uk
er
s
La
bo
ra
to
ri
es
In
c.
DECCA Survey Limited
LO-CATE System
DECCA Tracer System
Sa
te
ll
it
e
Po
si
ti
on
in
g
Co
rp
.
Th
e
Tu
rn
er
Lo
ca
ti
on
-
Am
er
ic
an
El
ec
tr
on
ic
La
bs
.
RA
MS
Bu
oy
Tr
an
sm
it
Te
rm
in
al
We
st
in
gh
ou
se
El
ec
tr
ic
Co
rp
.
Om
eg
a
Po
si
ti
on
Fi
xi
ng
Ge
or
es
ea
rc
h
La
b.
Sy
st
em
OP
FS
—O
l.
AP
PL
IC
AB
IL
IT
Y
TO
TH
E
GR
EA
T
LA
KE
S
BA
SI
N
Wo
rl
d-
wi
de
sy
st
em
s
su
ch
as
Om
eg
a
an
d
ea
rt
h
sa
te
ll
it
es
we
re
di
sc
us
se
d.
Lo
ra
n-
C,
us
ed
in
co
as
ta
l
wa
te
rs
,
ha
s
po
te
nt
ia
l
us
e
in
th
e
Gr
ea
t
La
ke
s;
be
in
g
a
"d
ed
ic
at
ed
"
sy
st
em
fo
r
a
gi
ve
n
ar
ea
-
eg
.
on
La
ke
Er
ie
du
ri
ng
th
e
(1
97
2)
IF
YG
L
(I
nt
er
na
ti
on
al
Fi
el
d
Ye
ar
on
th
e
Gr
ea
t
La
ke
s)
st
ud
ie
s.
Bo
th
DE
CC
A
an
d
Om
eg
a
ar
e
co
ns
id
er
ed
co
nt
en
di
ng
sy
st
em
s
fo
r
a
si
ng
le
ne
tw
or
k
fo
r
ba
si
n
co
ve
ra
ge
.
Al
so
no
te
d
wa
s
th
e
al
te
rn
at
iv
e
of
di
vi
di
ng
a
la
ke
in
to
sm
al
le
r
po
rt
io
ns
an
d
us
in
g
HI
—F
IX
or
RA
DI
ST
sh
or
t-
ra
ng
e
sy
st
em
s
fo
r
40
-6
0
mi
le
di
st
an
ce
s,
bu
t
hi
gh
un
it
co
st
s
ru
le
th
es
e
ou
t
fo
r
ex
pe
nd
ab
le
bu
oy
s.
A
de
sc
ri
pt
io
n
fo
ll
ow
ed
fo
r
th
e
MU
LT
IT
RA
CK
ER
fo
r
co
nt
in
uo
us
id
en
ti
fi
-
ca
ti
on
an
d
tr
ac
ki
ng
of
up
to
30
ob
je
ct
s
em
pl
oy
in
g
10
st
at
io
ns
wi
th
a
ce
nt
ra
l
co
nt
ro
l
an
d
gr
ap
hi
ca
l
di
sp
la
y
ce
nt
re
.
Be
st
su
it
ed
fo
r
sh
or
t
ra
ng
e,
a
$5
,0
00
-$
6,
00
0
Tr
an
sp
on
de
r
on
th
e
re
mo
te
dr
og
ue
tr
an
sm
it
s
se
ns
or
da
ta
vi
a
UH
F
(U
lt
ra
Hi
gh
Fr
eq
ue
nc
y)
or
VH
F
(V
er
y
Hi
gh
Fr
eq
ue
nc
y)
si
de
ba
nd
eq
ui
pm
en
t.
Th
e
DE
CC
A
Tr
ac
er
Sy
st
em
,
in
th
e
sa
me
ca
te
go
ry
,
us
es
a
sm
al
l
na
vi
ga
ti
on
al
ai
d
sy
st
em
su
ch
as
RA
DI
ST
or
HI
—F
IX
wi
th
an
ec
ho
re
ce
iv
er
an
d
tr
an
sm
it
s,
as
be
fo
re
,
On
a
UH
F
si
ng
le
si
de
ba
nd
.
Th
e
si
gn
al
is
re
ce
iv
ed
fr
om
th
e
na
vi
ga
-
ti
on
al
sy
st
em
ec
ho
in
th
e
45
0—
47
0
MH
z
fr
eq
ue
nc
y
ra
ng
e
an
d
co
nv
er
te
d
wi
th
ou
t
ph
as
e
di
st
or
ti
on
to
2k
Hz
.
Th
e
sh
or
e
fa
ci
li
ty
re
ce
iv
es
th
is
tr
an
sm
is
si
on
 —i____.L
  
a
n
d
p
r
o
v
i
d
e
s
a
n
X
-
Y
r
e
c
o
r
d
e
d
,
g
r
a
p
h
i
c
a
l
,
d
i
s
p
l
a
y
.
A
l
t
h
o
u
g
h
u
s
e
d
f
o
r
t
i
d
a
l
a
n
d
o
t
h
e
r
s
t
u
d
i
e
s
i
n
E
u
r
o
p
e
(
t
h
e
M
e
d
i
t
e
r
r
a
n
e
a
n
S
e
a
)
a
n
d
i
n
t
h
e
U
n
i
t
e
d
K
i
n
g
d
o
m
(
t
h
e
B
r
i
s
t
o
l
C
h
a
n
n
e
l
)
,
t
h
e
b
u
o
y
e
l
e
c
t
r
o
n
i
c
s
c
o
s
t
o
f
$
1
0
,
0
0
0
—
$
1
2
,
0
0
0
r
e
n
d
e
r
s
i
t
n
o
n
-
e
x
p
e
n
d
a
b
l
e
.
S
u
c
c
e
s
s
f
u
l
u
s
e
of
the
N
a
v
y
N
a
v
i
g
a
t
i
o
n
S
a
t
e
l
l
i
t
e
S
y
s
t
e
m
(NNSS)
a
n
d
c
o
m
—
m
u
n
i
c
a
t
i
o
n
s
s
a
t
e
l
l
i
t
e
s
w
a
s
d
i
s
c
u
s
s
e
d
.
N
I
M
B
U
S
-
F
,
n
o
t
ye
t
l
a
u
n
c
h
e
d
,
r
e
q
u
i
r
e
s
a
c
o
s
t
l
y
R
a
n
d
o
m
Access
and
M
e
a
s
ur
e
m
e
n
t
System
(RAMS)
for
buoy
l
o
c
a
t
i
o
n
and
i
n
t
e
r
r
o
g
a
t
i
o
n
;
w
i
t
h
a
position
accuracy
of
15
miles.
Since
c
o
ve
r
a
g
e
of
the
Great
Lakes
region
is
not
adequate,
depending
on
the
frequency
of
its
availability
overhead,
it
was
not
recommended
for
this
project.
FUTURE DEVELOPMENTS
Low
frequency
(LF)
Loran—C
and
very
low
frequency
(VLF)
Omega
systems,
used
differentially,
seem
most
promising
with
a
relative
positioning
accuracy
of
500-700
metres.
Development
of
differential
Omega
may
reduce
this
to
300
m.
The
Loran-C
network
extends
to
the
lower
Great
Lakes
at
present.
The
author
referred
to
the
Beukers
Laboratories,
Inc.,
LOCATE
(LORAN/OMEGA
COURSE
AND
TRACK
EQUIPMENT)
system
as
suited
to
the
expendable
buoy
require—
ments.
Periodicity
ambiguities
of
the
Omega
signal
were
noted
but
resolution
was
thought
adequate
for
Great
Lakes
studies.
Brief reference was made also to improving the DECCA system,
using
fOur stations and differential use to provide a more distinct hyperbolic
grid intersection for a position fix accuracy of about 22 miles, cross—
country. With additional electronic sophistication, long—range positioning
can be extended to observe one half of a lake without sacrificing accuracy.

  
DISCUSSION
Q
U
E
S
T
I
O
N
:
W
o
u
l
d
y
o
u
e
l
a
b
o
r
a
t
e
o
n
t
h
e
c
o
m
m
e
n
t
s
y
o
u
m
a
d
e
r
e
g
a
r
d
i
n
g
t
h
e
s
u
b
s
t
a
n
c
e
f
o
r
m
a
n
a
g
i
n
g
G
r
e
a
t
L
a
k
e
s
r
a
d
i
o
n
a
v
i
g
a
t
i
o
n
a
n
d
c
o
m
m
u
n
i
c
a
t
i
o
n
s
c
o
v
e
r
a
g
e
i
n
t
h
e
c
o
n
t
e
x
t
of
a
g
l
o
b
a
l
p
l
a
n
?
W
I
L
S
O
N
:
I
a
m
q
u
o
t
i
n
g
t
h
e
m
f
r
o
m
t
h
e
b
o
o
k
a
n
d
I
s
t
a
n
d
t
o
b
e
c
o
r
r
e
c
t
e
d
.
T
h
e
i
n
f
o
r
m
a
t
i
o
n
t
h
a
t
I
h
a
v
e
is
d
u
e
t
o
a
n
i
n
v
e
s
t
i
g
a
t
i
o
n
l
a
s
t
s
p
r
i
n
g
(
1
9
7
4
)
,
w
h
e
n
i
n
f
a
c
t
t
h
e
s
a
t
e
l
l
i
t
e
w
a
s
d
u
e
o
f
f
i
n
J
un
e
.
It
w
o
u
l
d
n
o
t
h
a
v
e
a
g
l
o
b
a
l
c
a
p
a
b
i
l
i
t
y
o
w
i
n
g
to
a
n
o
b
s
t
r
u
c
t
i
o
n
d
ue
to
its
n
a
t
u
r
e
a
n
d
b
y
t
i
m
e
a
n
d
c
o
v
e
r
a
g
e
.
A
s
a
G
o
v
e
r
n
m
e
n
t
R
e
s
e
a
r
c
h
E
n
t
i
t
y
it
is
n
o
t
o
p
e
n
to
a
n
y
b
o
d
y
to
b
u
y
t
i
m
e
in
t
h
e
s
ys
t
e
m
.
T
h
e
r
e
f
o
r
e
,
it
is
n
o
t
n
e
c
e
s
s
a
r
i
l
y
s
o
m
e
t
h
i
n
g
to
r
e
l
y
o
n
w
h
e
n
y
o
u
w
i
s
h
to
c
o
n
d
u
c
t
studies.
I
am
in
no
way
decrying
the
NIMBUS—F
as
a
Program,
instead,
I
am
looking
at
its
adaptation
to
this
specific
problem
in
the
Great
Lakes.
COMMENT:
In
the
Great
Lakes
Region,
you
would
get
an
opportunity
at
the
south
satellite
five
or
six
times
a
day.
The
accuracy
would
be
3-5
km.
but
the
time
scale
is
questionable.
WILSON:
Yes,
the
limitation
is
due
to
time
permitted
to
use
the
frequency
and
share
it
with
all
the
other
needs
of
the
United
States
Military.
COMMENT:
Then,
of
course,
the
big
push
was
the
GATE
(GARP
Atlantic
Tropical
Experiment)
program
and
its
expected
hundreds
of
messages
on
the
air.
Now
that
this
period
has
passed
it
is
likely
that
more
investigators
would
be
welcomed
into the system.
WILSON:
I
guess
really
that
the
accuracy
aspect
is
one
drawback.
  
CO
MM
EN
T:
It
ma
y
be
a
ve
ry
vi
ab
le
sy
st
em
at
th
is
ti
me
co
ns
id
er
in
g
co
st
.
EA
TO
N:
My
qu
es
ti
on
co
nc
er
ns
la
ne
an
d
cy
cl
e
id
en
ti
fi
ca
ti
on
of
Om
eg
a.
I
wo
nd
er
if
re
ce
iv
in
g
th
re
e
fr
eq
ue
nc
ie
s
ne
ce
ss
ar
il
y
gi
ve
s
yo
u
cy
cl
e
id
en
ti
-
fi
ca
ti
on
?
Th
ey
mu
st
gi
ve
ac
cu
ra
te
ph
as
e
me
as
ur
em
en
t
in
or
de
r
to
ma
ke
th
is
cy
cl
e
id
en
ti
fi
ca
ti
on
.
If
th
ey
ar
e
no
is
y
in
an
y w
ay
th
en
yo
u
wo
n'
t
be
ab
le
to determine the correct lane.
WI
LS
ON
:
No,
I
su
pp
os
e
I w
as
tr
yi
ng
to
il
lu
st
ra
te
th
at
th
e
us
e
of
va
ry
in
g
fr
eq
ue
nc
y
in
te
rm
s
of
wh
at
ap
pe
ar
s
to
be
a
ge
ne
ra
l,
si
ng
le
me
an
s
in
te
rm
s
of
cir
cui
try
wit
hin
a p
ack
age
,
has
the
se
ben
efi
ts.
I t
hin
k
tha
t
thi
s
re
al
ly
is
no
t
a
pr
ob
le
m
wh
en
yo
u
kn
ow
in
it
ia
ll
y
wh
er
e
yo
u
ar
e
go
in
g
to
dr
op
th
em
—
th
e
fa
mi
ly
of
dr
og
ue
s.
So,
yo
u
sh
ou
ld
ha
ve
at
le
as
t
so
me
st
ar
ti
ng
po
in
t
we
ll
wi
th
in
wh
at
we
co
ns
id
er
am
bi
gu
it
y
wi
th
Om
eg
a
as
a
sy
st
em
.
EATON: If you track it once an hour, then you should not have any problem
wi
th
cy
cl
e
id
en
ti
fi
ca
ti
on
be
ca
us
e
th
e
wa
ve
le
ng
th
is
ve
ry
lo
ng
.
WI
LS
ON
:
No,
yo
u
wo
ul
d
no
rm
al
ly
ma
in
ta
in
in
te
gr
at
io
n,
an
d
yo
u
wo
ul
dn
't
ge
t
out of step.
WE
BB
:
Fu
rt
he
r,
if
yo
u
do
n'
t
ne
ed
to
kn
ow
ri
gh
t
awa
y,
yo
u
wa
it
fo
r
a
qu
ie
t
ti
me
to
re
so
lv
e
th
e
ma
in
am
bi
gu
it
y
an
d
ca
rr
y
it
fo
rw
ar
d
an
d
ba
ck
wa
rd
.
BEU
KER
S:
I w
oul
d
lik
e
to
com
men
t
on
you
r
rem
ark
s
on
Ome
ga,
sin
ce
the
y a
re
of
suc
h
int
ere
st.
May
be
I c
an
quo
te
the
lat
est
sta
tus
of
the
sta
tio
ns.
At
th
e
pr
es
en
t
ti
me
we
ha
ve
Ha
wa
ii
an
d
No
rt
h
Da
ko
ta
op
er
at
in
g
at
fu
ll
po
we
r.
Nor
way
is
ope
rat
ion
al,
but
it
is
at
red
uce
d
pow
er
due
to
its
gro
und
mat
pro
ble
ms
whi
ch
are
to
be
cor
rec
ted
nex
t
sum
mer
(19
75)
.
It
wil
l
be
off
the
air
for
abo
ut
two
wee
ks
the
n.
The
Jap
an
sta
tio
n i
s s
che
dul
ed
to
com
e o
n
the
air
in
Apr
il
197
5.
Reu
nio
n I
sla
nd
in
Arg
ent
ina
is
sch
edu
led
for
lat
er
in
197
5.
The
Tri
nid
ad
sta
tio
n
del
ive
rs
l k
ilo
wat
t.
It
wil
l
be
mov
ed
to
Lib
eri
a a
nd
is
als
o s
che
dul
ed
for
com
ple
tio
n i
n 1
975.
At
the
pre
sen
t t
ime
it
loo
ks
as
tho
ugh
, b
y t
he
end
of
197
5 o
r t
he
fir
st
qua
rte
r o
f 1
976
, a
ll
sev
en
sta
tio
ns
oth
er
tha
n t
he
one
in
Aus
tra
lia
— t
he
eig
hth
— s
hou
ld
be
functioning.
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T
R
A
N
S
M
I
T
T
I
N
G
S
U
R
F
A
C
E
D
R
I
F
T
E
R
S
*
C
H
A
P
T
E
R
1
0
W
y
m
a
n
H
a
r
r
i
s
o
n
A
r
g
o
n
n
e
N
a
t
i
o
n
a
l
L
a
b
o
r
a
t
o
r
y
A
r
g
o
n
n
e
,
I
l
l
i
n
o
i
s
INTRODUCTION
The
Great
Lakes
R
e
s
e
a
r
c
h
Group
in
Argonne's
Energy
and
E
n
vi
r
o
n
m
e
n
t
a
l
S
ys
t
e
m
s
D
i
vi
s
i
o
n
is
embarking
on
a
study
of
the
transport
and
d
i
s
p
e
r
s
i
o
n
of
energy—related
pollutants
in
the
uppermost
few
millimeters
of
the
water
column.
We
are
particularly
interested
in
the
dispersion
of
oil
slicks,
with
their
contained
trace-metal
and
halogenated
hydrocarbon
pollutants,
in
nearshore
waters.
In
order
to
track
such
pollutant
motion
we
have
decided
to
build
and
evaluate
several
models
of
thin,
telemetering
surface
drifters.
DRIFTER CONSTRUCTION
 
A
given
drifter
is
made
by
sandwiching
a
micro—transmitter
system
between
two
plastic
sheets,
each
about
1
mm
thick.
The
thin.
flexible
plastic
sheets
are
l
m
in
diameter
and
the
transmitter,
several
flexible
batteries,
and
a
spiral
antenna
are
placed
between
them.
The
electronics
package,
positioned
at
the
centre
of
the
drifter,
is
between
5
and
10
mm
thick.
Its
lifetime
is
battery
limited
and
is
expected
to
be
of
the
order
of
3
weeks.
Cost
of
fabrication
is
estimated
at
$75.00
per
drifter.
*Paper
not
presented
but
forwarded
by
author
to
Secretariat
after
workshop
for inclusion in Proceedings.
 RADIO POSITIONING EQUIPMENT
Th
e
tr
an
sm
is
si
on
fr
eq
ue
nc
y
is
ab
ou
t
52
MH
z
an
d
tr
ac
ki
ng
wi
ll
be
ac
co
m—
pl
is
he
d
by
di
re
ct
io
n—
fi
nd
in
g
re
ce
iv
er
s
no
w
be
in
g
de
ve
lo
pe
d
at
Ar
go
nn
e
fo
r
th
is
fr
eq
ue
nc
y
ba
nd
.
Ea
ch
re
ce
iv
er
wi
ll
co
st
ab
ou
t
$1
,5
00
an
d
wi
ll
re
ce
iv
e
16
ch
an
ne
ls
.
(T
hu
s,
16
dr
if
te
rs
co
ul
d
be
tr
ac
ke
d
at
an
y
on
e
ti
me
.)
Th
e
up
pe
r
li
mi
t
to
th
e
di
st
an
ce
fo
r
tr
ac
ki
ng
sh
ou
ld
be
ab
Ou
t
5
km
,
an
d
th
e
re
-
so
lu
ti
on
sh
ou
ld
be
ab
ou
t
:5
m
of
th
e
tr
ue
po
si
ti
on
,
if
th
e
di
re
ct
io
n-
fi
nd
in
g
re
ce
iv
er
s
ar
e
po
si
ti
on
ed
pr
op
er
ly
fo
r
pr
ec
is
e
tr
ia
ng
ul
at
io
n.
FUTURE CONSIDERATIONS
 
It
wi
ll
be
in
te
re
st
in
g
to
ma
ke
co
mp
ar
is
on
s
be
tw
ee
n
th
e
tr
an
sp
or
t
me
as
ur
ed
by
suc
h
a
sur
fac
e
dri
fte
r a
nd
tha
t m
eas
ure
d
by
a
dri
fte
r
tha
t
res
pon
ds
to
tra
nsp
ort
in
the
upp
er
met
re
or
so
of
the
wat
er
col
umn
.
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P
R
I
M
A
R
Y
A
R
E
A
S
O
F
A
C
T
I
V
I
T
I
E
S
0
F
S
E
A
R
C
H
A
N
D
R
E
S
C
U
E
(
S
A
R
)
R
E
S
E
A
R
C
H
A
N
D
D
E
V
E
L
O
P
M
E
N
T
*
CHAPTER 11
J
o
h
n
R
.
C
a
r
r
o
s
U
.
S.
C
o
a
s
t
G
u
a
r
d
O
f
f
i
c
e
o
f
R
e
s
e
a
r
c
h
a
n
d
D
e
v
e
l
o
p
m
e
n
t
W
a
s
h
i
n
g
t
o
n
,
D
.
C
.
M
r
.
C
a
r
r
o
s
o
u
t
l
i
n
e
d
t
h
e
a
p
p
r
o
p
r
i
a
t
e
r
e
s
e
a
r
c
h
a
n
d
d
e
v
e
l
o
p
m
e
n
t
a
c
t
i
v
i
t
i
e
s
o
f
t
h
e
U.
S.
C
o
a
s
t
G
u
a
r
d
S
e
a
r
c
h
a
n
d
R
e
s
c
u
e
(SAR)
G
r
o
u
p
.
T
h
e
s
e
n
o
t
e
s
s
u
m
m
a
r
i
z
e
t
h
e
p
r
i
m
a
r
y
a
r
e
a
s
o
f
a
c
t
i
v
i
t
i
e
s
i
n
R
e
s
e
a
r
c
h
a
n
d
D
e
v
e
l
o
p
m
e
n
t
w
h
i
c
h
i
n
c
l
u
d
e
:
1)
V
a
r
i
o
u
s
d
e
t
e
c
t
i
o
n
m
e
t
h
o
d
s
f
o
r
c
o
o
p
e
r
a
t
i
v
e
a
n
d
n
o
n
-
c
o
o
p
e
r
a
t
i
v
e
d
i
s
t
r
e
s
s
i
n
c
i
d
e
n
c
e
s
.
A
m
a
j
o
r
e
f
f
o
r
t
is
the
d
e
v
e
l
o
p
m
e
n
t
of
a
D
i
s
t
r
e
s
s
A
l
e
r
t
i
n
g
a
n
d
L
o
c
a
t
i
n
g
S
y
s
t
e
m
b
a
s
e
d
o
n
the
u
s
e
of
a
c
o
o
p
e
r
a
t
i
v
e
d
e
v
i
c
e
c
a
p
a
b
l
e
of
e
m
i
t
t
i
n
g
a
s
i
g
n
a
l
f
o
r
t
h
e
p
u
r
p
o
s
e
of
h
o
m
i
n
g
/
d
i
r
e
c
—
t
i
o
n
f
i
n
d
i
n
g
to
the
d
i
s
t
r
e
s
s
i
n
c
i
d
e
n
t
.
A
n
a
l
t
e
r
n
a
t
i
v
e
s
y
s
t
e
m
c
o
n
s
i
s
t
s
of
a
L
o
r
e
n
/
O
m
e
g
a
r
e
t
r
a
n
s
m
i
t
t
e
r
for
r
e
m
o
t
e
l
o
c
a
t
i
o
n
.
C
o
d
i
n
g
is
in-
cluded
to
enable
identity
to
be
associated
wi
t
h
a
person
or
boat
along
wi
t
h
the
capability
to
provide
for
situation
coding
of
the
incident.
Radar
and
forward-looking
infrared
(FLIR)
techniques
are
being
investigated
along
with
target
enhancement
methods,
all
to
reduce
the
search
time
in
a
SAR
situation.
2)
Improving
communications
for
safety
purposes
on
the
oceans
via
satellite
is
also
being
addressed.
An
experiment
is
presently
underway
utilizing
the
NASA
ATS—6
satellite
in
the
Atlantic
Ocean
between
the
East
Coast
and
the
Azores.
Voice,
data,
ranging,
and
SAR
data
are
being
collected
during
the
period
from
September
1974
through March 1975.
 
*Paper
not
presented
but
received
by
Secretariat
from
author
after
workshop
f
o
r
i
n
c
l
u
s
i
o
n
i
n
P
r
o
c
e
e
d
i
n
g
s
.
 
 
 The specific equipment of most interest to this workshop is the
Beukers Laboratories Inc. system developed for SAR and presently
being evaluated at the U. S. Coast Guard R & D Center, Groton,
Conn. This equipment consists of a Base Station capable of computing
the location of a remote retransmitter (Loran/Omega) or a Translator.
In addition to SAR, the system will be evaluated as a vessel-
tracking system and a buoy position monitoring system. I
(For Discussion see Chapter 13, General Discussion)
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A
P
P
L
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C
A
T
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O
N
O
F
E
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E
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O
N
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N
G
B
Y
B
O
A
T
0
N
W
A
T
E
R
M
O
V
E
M
E
N
T
S
U
R
V
E
Y
I
N
L
A
R
G
E
A
R
E
A
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CHAPTER 12
A. A. Arajs
O
n
t
a
r
i
o
H
y
d
r
o
C
o
m
m
i
s
s
i
o
n
T
o
r
o
n
t
o
,
O
n
t
a
r
i
o
T
h
e
d
r
o
g
u
e
t
r
a
c
k
i
n
g
b
y
b
o
a
t
a
n
d
e
l
e
c
t
r
o
n
i
c
r
a
n
g
e
—
r
a
n
g
e
p
o
s
i
t
i
o
n
i
n
g
,
a
s
p
r
a
c
t
i
s
e
d
b
y
O
n
t
a
r
i
o
H
y
d
r
o
o
n
a
c
o
m
p
a
r
a
t
i
v
e
l
y
s
m
a
l
l
a
r
e
a
,
c
o
u
l
d
b
e
u
s
e
d
a
s
w
e
l
l
o
n
m
u
c
h
l
a
r
g
e
r
a
r
e
a
s
e
x
t
e
n
d
i
n
g
t
o
2
0
k
m
o
f
f
s
h
o
r
e
a
n
d
t
o
a
n
u
n
l
i
m
i
t
e
d
d
i
s
t
a
n
c
e
a
l
o
n
g
t
h
e
s
h
o
r
e
l
i
n
e
.
E
m
p
l
o
y
i
n
g
a
m
e
d
i
u
m
s
i
z
e
(
3
0
-
4
0
ft)
f
a
s
t
m
o
v
i
n
g
b
o
a
t
,
d
r
o
g
u
e
s
u
r
v
e
y
o
r
t
r
a
c
k
i
n
g
o
f
h
o
r
i
z
o
n
t
a
l
d
i
s
p
e
r
s
a
l
m
o
v
e
m
e
n
t
b
y
d
y
e
o
r
f
l
o
a
t
s
c
o
u
l
d
b
e
c
a
r
r
i
e
d
o
u
t
a
t
a
n
y
t
i
m
e
a
s
l
o
n
g
a
s
t
h
e
l
a
k
e
is
n
a
v
i
g
a
b
l
e
.
A
n
u
m
b
e
r
o
f
d
r
o
g
u
e
s
(
1
0
-
2
0
)
s
p
r
e
a
d
o
u
t
i
n
a
1
0
—
2
0
k
m
w
i
d
e
b
a
n
d
c
o
u
l
d
b
e
t
r
a
c
k
e
d
a
t
2
t
o
3
h
o
u
r
i
n
t
e
r
v
a
l
s
w
i
t
h
s
u
f
f
i
c
i
e
n
t
a
c
c
ur
a
c
y.
L
o
c
a
t
i
n
g
the
d
r
o
g
u
e
s
d
u
r
i
n
g
the
d
a
y
l
i
g
h
t
h
o
u
r
s
is
n
o
t
d
i
f
f
i
c
u
l
t
.
H
o
w
e
v
e
r
,
a
s
h
o
r
t
r
a
n
g
e
r
a
d
a
r
s
y
s
t
e
m
o
n
t
h
e
b
o
a
t
a
n
d
s
u
i
t
a
b
l
e
r
a
d
a
r
r
e
f
l
e
c
t
o
r
s
o
n
t
h
e
d
r
o
g
u
e
m
a
r
k
e
r
—
b
u
o
y
s
a
r
e
v
e
r
y
u
s
e
f
u
l
w
h
e
n
t
h
e
v
i
s
i
b
i
l
i
t
y
is
n
o
t
g
o
o
d
(less
t
h
a
n
1
km)
a
n
d
in
c
a
s
e
the
m
o
v
e
m
e
n
t
of
d
r
o
g
u
e
s
is
f
a
s
t
o
r
i
n
t
e
r
v
a
l
s
b
e
t
w
e
e
n
f
i
x
e
s
a
r
e
longer.
It
is
b
e
l
i
e
ve
d
,
t
h
a
t
w
i
t
h
t
h
e
h
e
l
p
of
radar,
d
r
o
g
ue
s
left
in
the
lake
over-night
could
be
located
on
the
f
o
l
l
o
wi
n
g
morning.
A
l
s
o
tracking
during
the
night
could
be
possible
if
the
drogue
m
a
r
k
e
r
s
we
r
e
equipped
wi
t
h
flashing
lights.
The
a
d
va
n
t
a
g
e
s
of
this
m
e
t
h
o
d
is
its
technical
simplicity
and
very
moderate
requirements
for
personnel
and
special
equipment.
A
team
consisting
of
3
technicians
and
working
with
one
boat
could
survey
in
one
day
an
area
extending
up
to
5—15
km
along
the
shore—
line.
If
more
than
one
team
would
work
side
by
side
or
some
distance
apart,
a
more
or
less
simultaneous
lake
current
pattern
could
be
recorded
over
large
areas.
 
*Paper
circulated
by
author
at
workshOp
but
not
formally
presented.
 Ont
ari
o
Hyd
ro
has
dev
elo
ped
an
ine
xpe
nsi
ve
in—
sit
u
tem
per
atu
re
rec
ord
ing
sys
tem
whi
ch
can
be
att
ach
ed
to
a d
rog
ue
at
a
des
ire
d d
ept
h
to
obt
ain
a
coi
nci
den
tal
wat
er
tem
per
atu
re
pro
fil
e.
The
sys
tem
con
sis
ts
of
a t
her
mis
tor
pro
be
and
a b
att
ery
ope
rat
ed
ana
log
Rus
tra
k
rec
ord
er,
hou
sed
in
a w
ate
rpr
oof
alu
min
um
cyl
ind
er
22
cm
in
dia
met
er
and
40
cm
lon
g;
tot
al
wei
ght
in
air
is
14
kg,
net
buo
yan
cy
in
wat
er
— 2
kg;
rec
ord
ing
tim
e 3
-4
wee
ks;
cos
t $
1,0
00.
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P
r
e
p
a
r
a
t
i
o
n
f
o
r
t
h
e
s
u
r
v
e
y
w
o
u
l
d
i
n
c
l
u
d
e
p
r
o
c
u
r
i
n
g
n
e
c
e
s
s
a
r
y
i
n
s
t
r
u
m
e
n
t
s
a
n
d
e
q
u
i
p
m
e
n
t
,
s
e
l
e
c
t
i
o
n
o
f
t
r
a
n
s
p
o
n
d
e
r
l
o
c
a
t
i
o
n
s
a
t
1
0
t
o
2
0
k
m
i
n
t
e
r
v
a
l
s
,
a
n
d
p
r
e
p
a
r
i
n
g
n
a
v
i
g
a
t
i
o
n
m
a
p
s
w
i
t
h
c
i
r
c
u
l
a
r
g
r
i
d
l
i
n
e
s
(
s
c
a
l
e
1
:
2
5
0
0
0
c
o
u
l
d
b
e
q
u
i
t
e
s
u
i
t
a
b
l
e
)
.
O
n
t
h
e
a
t
t
a
c
h
e
d
s
h
e
e
t
a
r
e
l
i
s
t
e
d
t
h
e
r
e
q
u
i
r
e
d
e
q
u
i
p
m
e
n
t
a
n
d
p
e
r
s
o
n
n
e
l
a
n
d
a
l
s
o
a
n
a
p
p
r
o
x
i
m
a
t
e
c
o
s
t
e
s
t
i
m
a
t
e
.
L
A
K
E
C
U
R
R
E
N
T
S
U
R
V
E
Y
D
R
O
G
U
E
T
R
A
C
K
I
N
G
B
Y
B
O
A
T
&
E
L
E
C
T
R
O
N
I
C
P
O
S
I
T
I
O
N
I
N
G
I
n
s
t
r
um
e
n
t
s
&
Equipment:
a/
P
u
r
c
h
a
s
e
s
q
u
a
n
t
i
t
y
D
r
o
g
u
e
s
&
S
p
a
r
s
30
F
l
a
s
h
i
n
g
l
i
g
h
t
s
1
0
T
e
m
p
e
r
a
t
u
r
e
r
e
c
o
r
d
e
r
s
10
Misc. instruments
b/ Rental
Boat
rental
(2
shift
operation)
1
Range-Range
positioning
system
1
Other:
vehicles,
trailer,
small
boats, etc.
Personnel:
1
Engineer
plus
3
technicians
per
shift
2 shifts - monthly salaries
monthly expenses
Total
COST ESTIMATE FOR 6—MONTHS SURVEY
Preparation:
1
Eng.
+
2
Techn.
for
2
months
Instrument & Equipment purchases
Instrument & Equipment rental
Technical Personnel during survey
(incl. expenses)
Data preparation for presentation
(1 Eng. + 2 Techn.) 2 months
 
Cost
$ 6,000
3,000
15,000
6,000
$30,000
(40,000)
(50,000)
$ 18,000
15,000
84,000
144,000
18,000
$279,000
Monthly Charge
$ 1,000
200
800
500
$ 2,500
$ 7,000
6,000
1,000
$14,000
$19,000
_5,_oo_o
$24,000
 ONTARIO HYDRO
EXPERIENCE IN LAKE CURRENT MEASUREMENTS*
A. A. Arajs
Lake current surveys by drogue tracking have been carried out by Ontario
Hydro in the vicinity of thermal generating stations and selected sites since
1967. These surveys covered an area of 2—4 km along the shoreline and 1—2 km
offshore and generally were supplementing the current data acquired by the
in-situ current recorders. Up to 12 drogues were used simultaneously and
tracking was carried out by one or two pairs of transits from shore stations.
Starting in the fall of 1973 drogue tracking has been carried out by
using a range-range electronic positioning system. The drogue positions are
fixed at intervals from ten minutes to one hour recording the range-range
readings when the survey boatwith the system's transmitter—receiver passed
the drogue within a few metres. The recorded position of the drogue is
plotted immediately on a map while the boat proceeds to the next drogue.
This map showing concentric line distances from the transponder stations was
used also for navigation, positioning of instruments, sampling stations and
bathy-thermographic surveys. In Figures 1—3 are shown some survey results
and a sample "navigation map".
The use of electronic range—range positioningfor drogue tracking has many
advantages over the conventional transit-fixing method:
1. It reduces the number of technicians required for the survey;
2. More drogues could be used simultaneously;
3. Visibility problem is greatly reduced and survey is not hindered by
rain, haze, sun reflection or even light fog;
4. Area of coverage can be extended from l-2 km (limits of sight by
transits) to 30—50 km which is the range limit of the electronic
positioning system;
5. Loss of drogues is almost eliminated.
*Paper circulated by author at workshop but not formally presented.
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DATE
—- June
12. 1974
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—
0927
—
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(E.S.T.)
 
DFI OGUE
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DEPTH
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Avg.
Max.
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A
8
B
l
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C
I
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E
l
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1
0
1
0
2
0
1
O
20
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0
1
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1
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0
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1
.
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1
.
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0
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C
H
A
P
T
E
R
1
3
G
E
N
E
R
A
L
D
I
S
C
U
S
S
I
O
N
P
a
r
t
A
—
O
p
e
r
a
t
i
o
n
a
l
R
a
d
i
o
N
a
v
i
g
a
t
i
o
n
S
y
s
t
e
m
s
M
O
R
T
I
M
E
R
:
W
e
h
a
v
e
a
c
h
o
i
c
e
n
o
w
o
f
s
e
v
e
r
a
l
s
p
e
a
k
e
r
s
t
o
f
o
c
u
s
m
o
r
e
o
n
t
h
e
d
i
m
e
n
s
i
o
n
s
a
n
d
t
h
e
s
c
a
l
e
s
.
I
a
m
a
l
s
o
v
e
r
y
c
o
n
s
c
i
o
u
s
t
h
a
t
I
h
a
v
e
n
'
t
i
n
v
i
t
e
d
a
l
l
t
h
o
s
e
t
o
s
p
e
a
k
w
h
o
c
o
u
l
d
c
o
n
t
r
i
b
u
t
e
.
W
o
u
l
d
a
n
y
o
n
e
l
i
k
e
t
o
a
d
d
e
x
t
e
n
d
e
d
r
e
m
a
r
k
s
o
n
w
h
a
t
h
a
s
b
e
e
n
s
a
i
d
?
M
r
.
C
a
r
r
o
s
f
o
r
e
x
a
m
p
l
e
,
h
a
s
d
o
n
e
a
g
r
e
a
t
d
e
a
l
o
f
f
i
e
l
d
t
e
s
t
i
n
g
i
n
t
h
i
s
a
r
e
a
.
C
A
R
R
O
S
:
A
l
l
t
h
e
f
i
e
l
d
d
a
t
a
c
o
l
l
e
c
t
e
d
o
n
o
u
r
L
o
r
a
n
—
O
m
e
g
a
s
y
s
t
e
m
i
s
n
o
t
a
v
a
i
l
-
a
b
l
e
.
W
e
e
x
p
e
r
i
e
n
c
e
d
l
e
s
s
t
h
a
n
f
i
v
e
h
u
n
d
r
e
d
y
a
r
d
a
c
c
u
r
a
c
y
f
o
r
t
r
a
c
k
i
n
g
w
i
t
h
L
o
r
a
n
—
C
.
U
t
i
l
i
z
i
n
g
L
o
r
a
n
-
C
f
o
r
s
t
a
t
i
o
n
k
e
e
p
i
n
g
o
r
b
u
o
y
p
o
s
i
t
i
o
n
m
o
n
i
t
o
r
i
n
g
,
t
h
e
b
e
s
t
w
e
w
e
r
e
a
b
l
e
t
o
o
b
t
a
i
n
o
v
e
r
a
5
—
m
i
n
u
t
e
i
n
t
e
g
r
a
t
i
o
n
p
e
r
i
o
d
w
a
s
1
8
y
a
r
d
s
,
R
M
S
(
r
o
o
t
m
e
a
n
s
q
u
a
r
e
)
a
n
d
t
h
e
w
o
r
s
t
w
a
s
7
3
y
a
r
d
s
.
T
h
i
s
,
i
n
p
a
r
t
,
i
s
d
u
e
t
o
t
h
e
p
o
o
r
g
e
o
m
e
t
r
y
i
n
c
r
o
s
s
i
n
g
a
n
g
l
e
s
n
e
a
r
t
h
e
N
a
n
t
u
c
k
e
t
L
o
r
a
n
s
t
a
t
i
o
n
,
U
s
i
n
g
a
3
—
f
r
e
q
u
e
n
c
y
O
m
e
g
a
f
o
r
l
o
c
a
t
i
o
n
c
a
p
a
b
i
l
i
t
y
,
o
u
r
a
c
c
u
r
a
c
i
e
s
v
a
r
y
f
r
o
m
3
9
0
y
a
r
d
s
i
n
t
o
o
u
r
b
a
s
e
s
t
a
t
i
o
n
o
u
t
t
o
a
m
a
x
i
m
u
m
o
f
6
0
0
y
a
r
d
s
,
t
h
e
l
a
t
t
e
r
r
e
s
u
l
t
i
n
g
f
r
o
m
t
h
e
l
l
—
m
i
l
e
r
a
d
i
o
h
o
r
i
z
o
n
.
W
i
t
h
t
h
e
L
O
-
C
A
T
E
t
e
c
h
n
i
q
u
e
o
f
L
o
r
a
n
—
O
m
e
g
a
r
L
o
r
a
n
,
a
c
c
u
r
a
c
i
e
s
w
e
r
e
l
e
s
s
t
h
a
n
5
0
y
a
r
d
s
.
E
A
T
O
N
:
I
w
o
u
l
d
b
e
i
n
t
e
r
e
s
t
e
d
i
f
a
n
y
o
f
t
h
e
e
x
p
e
r
t
s
i
n
r
e
-
t
r
a
n
s
m
i
s
s
i
o
n
c
o
u
l
d
g
i
v
e
a
s
h
o
r
t
c
a
p
s
u
l
e
a
c
c
o
u
n
t
o
f
b
a
n
d
w
i
d
t
h
s
,
f
r
e
q
u
e
n
c
y
s
p
e
c
t
r
u
m
a
l
l
o
c
a
t
i
o
n
s
a
n
d
p
r
o
b
l
e
m
s
w
i
t
h
r
e
-
t
r
a
n
s
m
i
s
s
i
o
n
.
M
O
R
T
I
M
E
R
:
U
s
i
n
g
b
a
n
d
s
l
e
g
a
l
l
y
a
v
a
i
l
a
b
l
e
?
EATON:
Yes,
that
kind
of
consideration;
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MOR
TIM
ER:
Wou
ld
som
eon
e l
ike
to
do
tha
t,
say
Mr.
Beu
ker
s o
r M
r.
Pop
pe,
or
is
this information presented in a fairly accessible report?
CAR
ROS
:
Yes,
it
is.
l h
ave
a r
epo
rt
on
the
fea
sib
ili
ty
of
fit
tin
g t
he
re—
tran
smis
sion
of t
he 3
—fre
quen
cy O
mega
to t
he e
xist
ing
VHF—
FM
(Ver
y Hi
gh
Freq
uenc
y -
Freq
uenc
y Mo
dula
ted)
rang
e ba
nd s
yste
m wh
ich
the
Coas
t Gu
ard
has
surro
undin
g th
e Gre
at La
kes
Coast
and t
he fe
asibi
lity
of im
pleme
nting
that
into
the
norm
al c
hann
el w
hich
is a
25 k
Hz c
hann
el.
The
limi
ting
elem
ent
is n
ot
the marine band channel itself but the land lines which interconnect the
transceiver with our control stations. These are normal telephone lines which
handle less than 3 kHz; say 2,500 cycles/sec. (Hz). This is the real limiting
factor of integrating a re—transmitted Omega signal into that type of system.
MORTIMER: Special data lines won't help you?
CARROS: Yes, you can get special lines, but then again there is the cost of
implementing such a system and I do have a report on this subject. We inves-
tigated the feasibility of co-channel operation with re—transmission of Loran
and Omega over a waste channel in the same FM marine band and that report is
available.
MORTIMER: I was struck by Mr. Landry's description of the aeroplane with the
antennae on the wing struts and their simplicity of location with very inexpen-
sive equipment. I wonder whether the Coast Guard has studied this?
CARROS: Yes, the Coast Guard has a similar type of system installed operat—
ionally on its smaller, H—52, helicopters. They have two antennae mounted on
the lower part of their ship hull design superstructure and a simple volt—
switching "homing" scheme automatically switches from one antenna to the other
in the same manner described by Mr. Landry. A simple radio transmitter can
certainly be located.
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*
P
a
r
t
B
-
E
a
r
t
h
S
a
t
e
l
l
i
t
e
P
h
o
t
o
g
r
a
p
h
s
a
n
d
I
m
p
l
i
c
a
t
i
o
n
s
M
O
R
T
I
M
E
R
:
(
D
i
s
c
u
s
s
i
n
g
e
x
h
i
b
i
t
e
d
E
R
T
S
p
h
o
t
o
g
r
a
p
h
s
d
i
s
p
l
a
y
e
d
*
)
U
n
f
o
r
t
u
n
a
t
e
l
y
the
ERTS
(Earth
Remote
Tracking
Satellite)
satellite
has
a
ve
r
y
low
a
p
p
e
a
r
a
n
c
e
f
r
e
q
ue
n
c
y
-~
once
every
18
days
--
over
the
Great
Lakes
and
only
"sees"
the
lakes
in
good
weather.
From
the
entire
ERTS
program
this
(displays)
is
perhaps
the
best
complete
picture
of
Lake
Michigan
which
we
have.
There
were
several
photographs
taken
the
next
day
showing
slight
overlap
when
superimposed
indicating
that
some
of
these
patterns
do
in
fact
move.
A
minor
controversy
is
underway
over
the
interpretation
of
this
milky
water.
Some
claim
there
is
large-scale
production
in
algae,
raising
the
pH
and
leading
to
calcium
carbonate
precipitation,
but
that
has
still
to
be
proved.
There
are
obviously
some
large-scale
motions
here
that
we
haven't
really
accounted
for.
Therefore,
the
whole
basin
or
large
parts
of
it
require
study.
Most
of
a
lake's
kinetic
energy
is
within,
say
10
km
of
the
shore,
as
has
been
shown
very
well
by
Blanton's
work
at
CCIW
(Canada
Centre
for
Inland
Waters).
There
is
a
high
chance
then
that
drogues
will
stay
for
a
fairly
long
time
in
shore-parallel
current
systems.
These
might
be
geostrophic
currents
or
wind—
driven
currents,
but
basically
are
shore-parallel
constrained
by
the
boundary.
Therefore
the
offshore
range
would
be
20-30
km
and
the
long
shore
range
is
dependent
upon
the
mobility
of
the
receiving
station
or
stations
but
it
would
be
convenient
to
be
able
to
work
between,
say,
Milwaukee
and
Chicago
which
would
be
in
the
order
of
200
km.
Also,
the
Great
Lakes
have
good
roads
and
some
high
buildings along their shores.
I
would
like
to
recall
the
specifications.
Ours
are
very
similar
to
those
of
Mr.
Landry,
drawn
up
by
Dr.
Garrett
in Victoria
for
the report
produced
by
Mr.
Wilson.
We
would
like
to know the
position of
20
buoys with
large
drogues
made
up
of window
shade
drogues,
etc.
Twenty of
these
should be
identifiable
every hour
for
several weeks,
say
up
toone month or
two months.
The
positional
information of
a group
of
drogues
would
also be worthwhile.
Knowledge of whole basin motions is a different problem.
Most government
interest presently centres on the coastal zone because most of the political
action is there. Also, most of the kinetic energy is found in the coastal zone
and wastes are discharged into it. So the zone is important from many
points of view, requiring detailed investigation.
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But
we
are
mis
sin
g a
n i
mpo
rta
nt
sca
le
of
hor
izo
nta
l d
isp
ers
al,
and
thi
s i
s
the
pri
me
rea
son
for
thi
s w
ork
sho
p.
We
hav
e a
pro
ble
m l
ook
ing
for
a t
ech
niq
ue
for solution. We have concentrated on methodology rather than oceanography.
We
in
the
Lak
e D
yna
mic
s C
omm
itt
ee
are
try
ing
to
lea
rn
rat
her
qui
ckl
y.
We
are
arr
oga
nt
eno
ugh
to
bel
iev
e t
hat
we
hav
e i
den
tif
ied
the
pro
ble
m,
but
we
don't know exactly how best to solve it, hence this workshop.
Part C - Drogue Deployment Program
 
MORTIMER: There are others here who are qualified to address this. Keith
(Rodgers) would you like to write up your specifications for a buoy system?
Keith has been in this field almost longer than anyone else here, I would say.
RODGERS: We ought, perhaps, to define some positioning accuracy specifications.
MORTIMER: I think we would settle for rather low positioning accuracy provided
we can get it within reasonable cost; and we want the buoys to be "expendable".
The definition of expendable is elastic. If you are in a university the answer
w0uld be two to three hundred dollars per unit whereas in a government agency
it might be $2,000—$3,000 or more.
In accuracy and expendability there are probably trade—offs. I feel that
somewhere there is an acceptable trade—off, and I would like the accuracy in
mid-lake to be within iﬁOO metres. That would mean that nearer shore you would
perhaps know the position to :100 metres.
BEUKERS: Have weaddressed this situation of convergence and divergence in
these fields and what the specifications would be for the accuracy?
MURTHY: Is it necessary to do this? You are covering almost half the lake
with ranges of up to 20 or 30 km.
CUTCHIN: To be completely fair, there are probably people here - like
Raj Murthy — with much different specifications. From the things I've seen
which you showed us, you are probably interested in much smaller scales and
much greater accuracy (say :50 metres).
 
  
M
U
R
T
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B
u
t
t
h
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s
e
n
u
m
b
e
r
s
l
o
o
k
a
l
i
t
t
l
e
o
n
t
h
e
s
m
a
l
l
s
i
d
e
f
o
r
s
o
m
e
b
o
d
y
w
h
o
i
s
i
n
t
e
r
e
s
t
e
d
i
n
t
h
e
w
h
o
l
e
b
a
s
i
n
c
i
r
c
u
l
a
t
i
o
n
.
B
E
U
K
E
R
S
:
C
a
n
I
g
o
b
a
c
k
t
o
m
y
q
u
e
s
t
i
o
n
o
f
c
o
n
v
e
r
g
e
n
c
e
a
n
d
d
i
v
e
r
g
e
n
c
e
.
H
o
w
a
r
e
t
h
e
s
e
t
w
e
n
t
y
b
u
o
y
s
d
e
p
l
o
y
e
d
?
M
O
R
T
I
M
E
R
:
Y
o
u
w
o
u
l
d
d
i
s
t
r
i
b
u
t
et
h
e
m
i
n
a
p
a
t
t
e
r
n
p
r
e
s
c
r
i
b
e
d
b
y
t
u
r
b
u
l
e
n
c
e
s
p
e
c
i
a
l
i
s
t
s
,
d
e
p
e
n
d
i
n
g
o
n
t
h
e
k
i
n
d
o
f
s
t
u
d
y
.
I
w
o
u
l
d
b
e
i
n
c
l
i
n
e
d
t
o
s
e
t
t
h
e
m
o
u
t
o
n
a
g
r
i
d
w
i
t
h
a
s
p
a
c
i
n
g
o
f
1
0
0
m
e
t
r
e
s
.
N
o
w
,
i
f
y
o
u
h
a
d4
x
4
=
1
6
b
u
o
y
s
,
t
h
a
t
w
o
u
l
d
m
e
a
n
a
n
i
n
i
t
i
a
l
s
q
u
a
r
e
of
4
0
0
m
side,
l
a
r
g
e
e
n
o
u
g
h
to
m
i
n
i
m
i
z
e
the
r
i
s
k
o
f
c
o
l
l
i
s
i
o
n
a
n
d
t
a
n
g
l
i
n
g
.
A
t
t
h
i
s
s
p
a
c
i
n
g
,
h
o
w
e
v
e
r
,
s
o
m
eo
f
t
h
e
h
i
g
h
e
r
f
r
e
q
u
e
n
c
y
p
a
r
t
s
o
f
t
h
e
e
d
d
y
s
p
e
c
t
r
u
m
w
o
u
l
d
b
e
m
i
s
s
e
d
.
C
O
M
M
E
N
T
:
D
r
.
M
o
r
t
i
m
e
r
,
a
f
t
e
r
t
h
e
y
h
a
d
d
r
i
f
t
e
d
f
o
r
a
w
h
i
l
e
a
n
d
u
n
t
i
l
t
h
e
y
s
e
p
a
r
a
t
e
d
,
a
t
w
h
a
t
p
o
i
n
t
w
o
u
l
d
y
o
u
r
e
t
r
i
e
v
e
t
h
e
m
a
n
d
t
h
e
n
c
o
n
s
i
d
e
r
t
h
a
t
t
h
e
y
had diverged?
M
O
R
T
D
M
E
R
:
I
w
a
s
h
o
p
i
n
g
t
h
a
t
t
h
e
y
a
r
e
e
x
p
e
n
d
a
b
l
e
.
W
e
t
h
e
n
w
o
u
l
d
n
'
t
h
a
v
e
t
o
b
o
t
h
e
r
t
o
p
i
c
k
t
h
e
m
up,
b
u
t
n
a
t
u
r
a
l
l
y
o
n
e
w
o
u
l
d
try.
A
s
h
i
p
w
o
u
l
d
g
o
o
u
t
w
i
t
h
a
l
o
c
a
t
i
o
n
d
e
v
i
c
e
a
n
d
r
e
t
r
i
e
v
e
a
s
m
a
n
y
a
s
p
o
s
s
i
b
l
e
.
B
u
t
a
s
w
a
s
p
o
i
n
t
e
d
out
b
y
K
e
i
t
h
Rodgers,
I
think,
working
near
the
shore
some
of
the
buoys
are
going
to
g
r
o
u
n
d
a
n
d
t
h
e
n
y
o
u
w
i
l
l
lose
the
s
i
g
n
a
l
b
e
c
a
u
s
e
t
h
e
y
w
i
l
l
be
b
e
n
e
a
t
h
a
b
l
u
f
f
or
s
o
m
e
t
h
i
n
g
.
S
o
m
e
of
t
h
e
m
w
i
l
l
be
v
a
n
d
a
l
i
z
e
d
b
y
boats,
p
e
r
h
a
p
s
e
v
e
n
unwittingly.
Also,
people
just
pull
things
up
to
look
at
them
and
some
wi
l
l
d
e
s
t
r
o
y
them,
depending
on
their
mood.
We
are
evi
de
nt
ly
going
to
lose
a
great
m
a
n
y
so
they
must
be
expendable.
But
we
will
try
to
recover
them.
We
m
a
y
be
able
to
locate
many
of
them
from
a
single
aircraft
flight,
so
that
a
ship
could be directed to them.
KEARSE:
May
I
comment
on
Messrs.
Beukers'
and
Wilson's
views
on
the
manage—
ment
problem
of
developing
a
program
like
this?
From
our
own
standpoint
it
is
very
important
that
management
be
inserted
at
the
right
time.
You
have
heard
a
lot
of
information
here
today.
I'm
not
sure
how
your
group
is
going
to
decipher
it
all.
But
it
would
appear
that
a
potentially
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useful management tool is to have a systems analysis performed by either the
Cana
dian
or U
nite
d St
ates
Gove
rnme
nts,
thei
r in
dust
ries
or s
omeo
ne,
to p
rovi
de
a list of alternatives based on your requirements of the number of systems that
would meet your specifications.
This type of analysis should include the positioning system, how it is
to be coupled with the buoy platform; the drogue costs, the receiving equip-
ment, the manpower costs, the retrieval and deployment costs, so that you can
examine those approaches and alternatives which will best meet your requirements.
MORTIMER: I fully agree. Something of that kind must be done, in fact the
Canadian Oceanographers have already, as we have heard, commissioned a system
study. The answer in that case was that there is nothing available to meet
the specified requirements without further development. Nevertheless, I feel
it has been valuable today to examine the possibilities again in the light of
all the experience we could muster. If we can develop mobile hardware, the
system could be transported from one lake to another, thereby obtaining more
value fromit than from one big program like IFYGL.
WILSON: What type of sensor data would you wish transmitted?
MORTDWEH: Several have been mentioned, e.g. temperature at various depths,
and the depth at which the drogue is suspended. A quite simple pressure
transducer would give you the drogue position within a metre or so. What
would also be valuable would be to suspend a string of thermistors below to
locate the thermocline. There are difficulties with that, however, because
there is often current shear at the thermocline, and a lightweight string of
thermistors may swing badly off the vertical, unless it were held down by a
large weight which would also add drag.
QUESTION: How many thermistors would be required and how far apart?
MORTIMER: I think about five depending on the geometry. If the drogue is at 10
metres you would need thermistors every twO metres depth down to 15 metres or
every three metres depth down to 20 metres, or so. Also desirable is confirmation
that the drogue follows the ambient current fairly closely. A simple pendulum
sensor could indicate this.
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MORTIMER:
That
is
the
earliest. I would
say
we
would
be
fortunate
if
we
move
forward
with
that
kind
of
timetable.
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the
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BEUKERS:
It's
an
increase
in
cost
but
not
significant.
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the
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KERUT: We have scarcely discussed the acoustic technique. Doug Webb outlined
the
syst
em.
He g
ave
us a
comp
lete
buoy
pack
age
whic
h we
have
not
cons
ider
ed
in any of the other systems. We are just dealing with the costs of a few
of the electronic components and that puts it disproportionately out of
perspective. There are many advantages in an acoustic system which we should,
perhaps, delve into further. We can avoid the air—water interface or the
problem of the surface mixed layer. Many difficulties in terms of measuring
two currents are also eliminated.
MORTLMER: If you are doing it from a Shore station, where would you put your
hydrophones? Would they have to be in fairly deep water and would you have
a cable ashore?
WEBB: We would like to conduct some more research in that regard to determine
its feasibility. If there were that sound channel which would spool off a
hydrophone down to a suitable depth off the beach and have one planted there,
it would be comparatively simple as long as you didn't expect really long
endurance.
MORTIMER: Outside the breaker zone, presumably?
WEBB: Well, submerged to a suitable depth. I think what we need to see is a
picture of the sound speed profile versus season. I have that in mind for
the oceans but I don't know whether it is applicable to the Great Lakes.
PALMER: There are two operationally beautiful things with acoustic trans-
mission. If you can keep anything out of the air—water interface, including
ships, your life is about three times easier. Doing it by submarine it
would be even better.
So there are some advantages.
You are not concerned
about losing them or maybe you have to worry more about losing them?
WEBB:
We
are
familiar
with
designing
for
high
hydrostatic
pressures.
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v
e
a
f
a
i
r
f
e
e
l
f
o
r
c
o
s
t
s
a
n
d
w
h
a
t
i
s
a
v
a
i
l
a
b
l
e
n
o
w
,
a
n
d
i
f
w
e
d
o
n
'
t
t
h
e
n
w
e
a
t
l
e
a
s
t
k
n
o
w
w
h
o
m
t
o
c
o
n
t
a
c
t
,
w
h
i
c
h
i
s
o
n
e
o
f
t
h
e
h
e
l
p
f
u
l
f
e
a
t
u
r
e
s
o
f
t
h
i
s
workshop.
b.
P
r
o
b
a
b
l
e
L
o
w
e
r
L
i
m
i
t
s
of
"
E
x
p
e
n
d
a
b
l
e
"
C
o
s
t
o
f
I
n
s
t
r
u
m
e
n
t
s
M
O
R
T
L
M
E
F
:
T
h
a
t
is
r
a
t
h
e
r
m
o
r
e
v
a
g
u
e
l
y
d
e
f
i
n
e
d
.
F
i
g
u
r
e
s
of
$
2
0
0
—
$
3
0
0
w
e
r
e
q
u
o
t
e
d
in
s
o
m
e
i
n
s
t
a
n
c
e
s
and
I
t
h
i
n
k
that
r
e
f
l
e
c
t
s
Mr.
B
e
uk
e
r
s
'
last
r
e
m
a
r
k
s
,
but
much
larger
amounts
were
also
mentioned.
c.
Identification
of
Promising
Lines
of
Development
MORTIMER:
We
will
have
to
leave
that
to
the
experts.
We
cannot
say
what
should
be
done,
but
we
have
seen
what
is
possible.
Furthermore,
when
the
transmitter
network
is
completed,
I
think
things
will
improve
very
much
in
the
Great
Lakes
Region.
 d. Possible Cooperative Efforts of Such Development and Testing
Under Field Conditions
MORTIMER: I think we in the Great Lakes Region, both at CCIW, and in other
Great Lakes laboratories would probablybe only too pleased to test some of
these systems gratis, fitting them into a system of other measurements; e.g.
current meter arrays. Also, we could volunteer to try some pre—system testing
which the manufacturers might find very valuableat a later stage when they
market these items to government agencies and others.
e. The Availability of Existing Equipment for Modification and
Field Testing.
MORTIMER: I was verymuch hoping that the RAWINDSONDE equipment that was used
for the IFYGL Program could be located by NOAA, modified and put onto buoys
instead of balloons for use in a Field Program. I believe it was transferred
internally in NOAA to GATE (GARP Atlantic Tropical Experiment) and its fate
is unknown to me.
BEUKERS: The Radiosonde transmits pressure, temperature, humidity and location
is by means of Omega, Loran—C or VLF.
MORTDMER: Or optical theodolite, I suppose, in limited areas?
BEUKERS: Not to detract from a NAVAID (Radio Navigation Aid), it transmits
almost parallel and is more viable than zero service up to about 100,000 feet.
Its 500 milliwatt transmitter operates over the 400-406 MHz frequency range.
MORTIMER: Is it really expendable or do you have some returned from time to
time?
BEUKERS:
Many are recovered since they parachute down.
There is no reward
but the return address is attached and is stamped by the Post Office.
 
 P
O
P
P
E
:
A
b
o
u
t
3
0
%
a
r
e
r
e
c
e
i
v
e
d
b
y
t
h
e
W
e
a
t
h
e
r
B
u
r
e
a
u
i
n
J
o
l
i
e
t
,
I
l
l
i
n
o
i
s
.
M
O
R
T
I
M
E
R
:
D
o
t
h
e
y
h
a
v
e
a
s
u
r
p
l
u
s
o
f
t
h
e
s
e
t
h
a
t
c
o
u
l
d
b
e
b
o
r
r
o
w
e
d
?
I
'
m
l
o
o
k
i
n
g
f
o
r
s
o
m
e
t
h
i
n
g
i
n
e
x
p
e
n
s
i
v
e
t
o
t
r
y
.
B
E
U
K
E
R
S
:
T
h
e
y
r
e
-
s
h
i
p
t
o
1
0
0
s
t
a
t
i
o
n
s
i
n
t
h
e
U
.
S
.
A
.
B
a
l
l
o
o
n
s
a
r
e
r
e
l
e
a
s
e
d
t
w
i
c
e
a
d
a
y
f
o
r
t
h
e
s
y
n
o
p
t
i
c
s
o
n
d
e
c
h
a
r
t
s
.
P
O
P
P
E
:
T
h
e
b
a
n
d
w
i
d
t
h
o
f
t
h
e
t
r
a
n
s
m
i
s
s
i
o
n
m
u
s
t
a
l
s
o
b
e
c
o
n
s
i
d
e
r
e
d
.
U
s
i
n
g
f
r
e
q
u
e
n
c
y
m
o
d
u
l
a
t
i
o
n
,
the
N
A
V
A
I
D
s
o
n
d
e
h
a
s
a
b
a
n
d
w
i
d
t
h
of
0
.
5
M
H
z
to
1
.
0
MHz.
Q
U
E
S
T
I
O
N
:
S
o
t
h
a
t
w
o
u
l
d
r
e
q
u
i
r
e
s
w
i
t
c
h
i
n
g
o
n
a
n
d
o
f
f
?
P
O
P
P
E
:
Yes,
w
i
t
h
t
h
e
d
i
r
e
c
t
r
e
t
r
a
n
s
m
i
s
s
i
o
n
t
e
c
h
n
i
q
ue
.
PALMER:
Y
o
u
m
e
a
n
that
the
transmitter
is
complete
and
the
s
ys
t
e
m
also?
The
rest
of
the
system
could
be
interfaced
by
just
installing
an
"on
or
off"
switch
or
could
be
used
only
because
the
Weather
Bureau
uses
it?
POPPE:
I
earlier
questioned
"bootlegging"
with
regard
to
other
programs.
It
is
possible
for
these
kinds
of
applications,
especially
if
you
get
the
frequency
allocations
assigned
for
experimental
work,
but
it
should
not
be
neglected
until
the
last.
At
an
early
GATE
meeting,
all
of
the
experiments
for
Omega
Windfinding
planned
to
use
the
frequency
band
between
401
and
406
MHz.
During
GATE
a
radiosonde
interference
problem
did
exist.
The
possibility
of
frequency
allocation
should
be
considered
early
in
the
game.
BEUKERS:
The
frequencies
have
been
allocated.
350
MHz
and
400
to
406
MHz
is
the
meteorological band.
We have 407 MHz.
The U.S.
Coast Guard
has
been allocated a wide band at 416 MHz.
CUTCHIN: Are they experimental?
BEUKERS: No, operational use has been authorized.
 
 f. Potentialities for Environmental Telemetry
MOR
TIM
ER:
Thi
s h
as
alr
ead
y b
een
men
tio
ned
and
dis
cus
sed
som
ewh
at.
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CHAPTER 14
C
O
N
C
L
U
S
I
O
N
S
,
R
E
C
O
M
M
E
N
D
A
T
I
O
N
S
A
N
D
R
E
S
E
A
R
C
H
N
E
E
D
S
Environmental Data Required
 
Drifting drogues would be desired for dispersion tracking alone or WOUld
also be provided with sensors, —- e.g. for temperature and depth.
Navigational and Allied Technology for the Location and Tracking
of Buoys
For the Great Lakes System, a very low frequency (VLF) of 10 to 130 kHz.
Loran—C and differential Omega radio location techniques are valuable,
especially Loran—C, with ranges of up to 1000 km. Operational coverage
of the Upper Great Lakes by these systems is anticipated by 1975—80.
The value of utilizing underwater acoustic (e.g. SONAR) techniques in
the nearshore shallow waters of the Great Lakes, should be explored
further. The use of Earth Satellite tracking systems — e.g. NIMBUS 4
and F — should be continued, using highfrequency radio re—transmission.
Range-Range drogue monitoring by boat and radar tracking by aircraft are
other techniques successfully applied in lake and ocean environments,
for short range (30 to 40 miles) observations.
Probable Lower Limits of Cost of "Expendable" Instruments
Drifting buoy and drogue equipment costs range from as little as $200—$300
to several thousand dollars, depending upon the degree of sophistication
required and the number and variety of sensors fitted. The range and
life of the radio transmission instruments required affect this. These
costs apply only to the drogue-buoy combination and not to the shore,
aircraft, satellite or other re—transmission, and receiving systems, or
to navigation, data collection and processing.
 Th
e
Av
ai
la
bi
li
ty
of
Ex
is
ti
ng
Eq
ui
pm
en
t
fo
r
Mo
di
fi
ca
ti
on
an
d
Fi
el
d
Te
st
in
g
Re
ad
il
y
av
ai
la
bl
e
an
d
in
ex
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en
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er
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if
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r
ex
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ha
s
ea
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ie
r
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a
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o
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on
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d
re
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ti
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d
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at
t
ra
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an
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ng
on
al
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te
d
fr
eq
ue
nc
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s
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ee
n
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0
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d
40
7
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In
th
e
U.
S.
A.
on
e
hu
nd
re
d
mo
ni
to
ri
ng
st
at
io
ns
ex
is
t,
wi
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a
fu
rt
he
r
th
ir
ty
—f
iv
e
in
Ca
na
da
,
wi
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po
te
nt
ia
l
ut
il
it
y
in
th
is
ex
er
ci
se
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Po
ss
ib
le
Co
op
er
at
iv
e
Ef
fo
rt
s
of
Su
ch
De
ve
lo
pm
en
t
an
d
Te
st
in
g
of
Eq
ui
pm
en
t
Un
de
r
Fi
el
d
Co
nd
it
io
ns
 
It
wa
s
re
co
mm
en
de
d
th
at
,
in
ad
di
ti
on
to
cu
rr
en
t
pr
og
ra
ms
on
th
e
Gr
ea
t
La
ke
s,
co
op
er
at
iv
e
fi
el
d
re
se
ar
ch
an
d
de
ve
lo
pm
en
t
st
ud
ie
s
in
it
ia
te
d
by
su
ch
or
ga
ni
za
ti
on
s
as
th
e
Ca
na
da
Ce
nt
re
fo
r
In
la
nd
Wa
te
rs
,
NO
AA
an
d
th
e
U.
S.
EP
A,
et
c.
,
wo
ul
d
be
of
in
es
ti
ma
bl
e
va
lu
e
to
th
e
eq
ui
pm
en
t
ma
nu
fa
ct
ur
er
s
an
d
th
e
re
se
ar
ch
er
s
in
vo
lv
ed
.
It
wa
s
fu
rt
he
r
re
co
mm
en
de
d
th
at
an
Ad
vi
so
ry
Co
mm
it
te
e
be
es
ta
bl
is
he
d
to
co
or
di
na
te
an
d
ev
al
ua
te
cu
rr
en
t
sc
ie
nt
if
ic
ac
ti
vi
ti
es
re
la
te
d
to
th
is
top
ic
on
the
Gre
at
Lak
es,
sin
ce
pro
gra
m m
ana
gem
ent
pro
ble
ms
are
con
—
sid
ere
d
to
out
wei
gh
the
tec
hni
cal
in
thi
s
par
tic
ula
r
app
lic
ati
on.
Research Needs
--
to
con
tin
ue
wit
h
dro
gue
des
ign
dev
elo
pme
nt
(Se
e A
ppe
ndi
x)
to
imp
rov
e
cor
rel
ati
on
wit
h
the
act
ual
flo
w
fie
ld
of
the
lak
e
and
the
mon
ito
rin
g
of ambient variables;
—-
to
exp
lor
e
tec
hni
que
s
of
tel
eme
try
of
dri
fte
r
pos
iti
on
and
env
iro
nme
nta
l
information, to shore stations or satellites.
--
to
dev
elo
p c
omm
erc
ial
ly-
ava
ila
ble
,
mul
tic
han
nel
,
lon
g r
ang
e p
osi
tio
nin
g
and
tel
eme
ter
ing
sys
tem
s f
or
exp
end
abl
e d
rif
tin
g b
uoy
s;
and
to
imp
rov
e
thei
r po
siti
onin
g ac
cura
cy;
e.g.
the
diff
eren
tial
Omeg
a sy
stem
and
the
Lo
ra
n—
C/
Om
eg
a
re
—t
ra
ns
mi
ss
io
n
sy
st
em
,
an
d
ea
rt
h
sa
te
ll
it
es
;
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-—
to
e
v
a
l
u
a
t
e
the
u
t
i
l
i
t
y
of
s
h
o
r
t
r
a
n
g
e
s
h
i
p
a
n
d
a
i
r
c
r
a
f
t
t
r
a
c
k
i
n
g
of
b
u
o
y
s
d
r
i
f
t
i
n
g
in
c
l
us
t
e
r
s
,
u
s
i
n
g
radar,
r
a
d
i
o
-
n
a
v
i
g
a
t
i
o
n
a
l
a
n
d
visual methods;
-—
to
emphasize
program
management
research
in
designing
the
experimental
studies.
The
above
research
needs
were
identified
during
the
workshop
and
are
based
on
the
following
more
extensive
list
of
suggestions.
Author
 
Arajs
Beukers
Carros
Eaton
Harrison
Kerut
SO
ME
RE
SE
AR
CH
NE
ED
S
ID
EN
TI
FI
ED
BV
CO
NT
RI
BU
TO
RS
 
3)
b)
a)
b)
c)
d)
a)
b)
c)
Research Need(s)
Bo
at
tr
ac
ki
ng
of
bu
oy
s
fo
r
ne
ar
sh
or
e
de
pl
oy
me
nt
,
us
in
g
ra
da
r
an
d
fl
as
hi
ng
li
gh
t
bu
oy
be
ac
on
s
Re
co
mm
en
ds
ra
ng
e—
ra
ng
e
el
ec
tr
on
ic
po
si
ti
on
in
g.
Me
te
or
ol
og
ic
al
in
st
ru
me
nt
at
io
n
an
d
co
mm
un
ic
at
io
n
systems suggested
Di
ff
er
en
ti
al
Om
eg
a
na
vi
ga
ti
on
sy
st
em
re
co
mm
en
de
d
fo
r
Gr
ea
t
La
ke
s,
wh
en
sh
or
e
in
st
al
la
ti
on
is
co
mp
le
te
d
Ma
na
ge
me
nt
pr
ob
le
ms
re
qu
ir
e
at
te
nt
io
n
Ea
rt
h
sa
te
ll
it
e
sy
st
em
us
ed
fo
r
re
—t
ra
ns
mi
ss
io
n.
Re
co
mm
en
ds
fu
rt
he
r
de
ve
lo
pm
en
t
of
th
e
Be
uk
er
s
La
bo
ra
to
r-
ie
s
In
c.
,
Lo
ra
n/
Om
eg
a
re
-t
ra
ns
mi
ss
io
n
sy
st
em
s,
pr
es
en
tl
y
ev
al
ua
te
d
fo
r
SA
R
(S
ea
rc
h
an
d
Re
sc
ue
)
Ra
da
r
an
d
FL
IR
(F
or
wa
rd
Lo
ok
in
g
In
fr
ar
ed
)
st
ud
ie
s
NA
SA
AT
S—
6
co
mm
un
ic
at
io
ns
sa
te
ll
it
e
use
.
A
th
or
ou
gh
ap
pr
ai
sa
l
is
re
qu
ir
ed
pr
io
r
to
re
co
mm
en
di
ng
a
po
si
ti
on
in
g
me
th
od
su
it
ab
le
fo
r
a
gi
ve
n
ex
pe
ri
me
nt
.
Su
rf
ac
e
dr
if
te
r
(e
xp
en
da
bl
e)
de
ve
lo
pm
en
t
ne
ed
ed
fo
r
co
mp
ar
is
on
of
da
ta
wi
th
de
ep
er
wa
te
r
la
ye
rs
(to
1
me
tr
e
depth).
Re
co
mm
en
ds
ice
bu
oy
in
th
e
Gr
ea
t
La
ke
s
wi
th
HF
/N
AV
—S
AT
system.
 
 Author
Monahan
Murthy
Rodgers
Webb
Wilson
R
e
s
e
a
r
c
h
N
e
e
d
(
s
)
Pending
extension
of
the
Loran-C
network
to
cover
the
Great
L
a
k
e
s
r
e
g
i
o
n
,
f
u
r
t
h
e
r
d
e
v
e
l
o
p
m
e
n
t
o
f
a
m
o
d
i
f
i
e
d
d
i
f
f
e
r
e
n
t
i
a
l
O
m
e
g
a
t
e
c
h
n
i
q
u
e
w
o
u
l
d
i
m
p
r
o
v
e
p
o
s
i
t
i
o
n
i
n
g
a
c
c
u
r
a
c
y
t
o
w
i
t
h
i
n
a
f
e
w
h
u
n
d
r
e
d
m
e
t
r
e
s
,
f
o
r
a
r
e
—
t
r
a
n
s
m
i
t
t
i
n
g
b
u
o
y
.
a)
R
e
s
e
a
r
c
h
o
n
"
F
i
l
t
e
r
i
n
g
E
f
f
e
c
t
s
"
(
i
.
e
.
d
a
m
p
i
n
g
o
f
s
m
a
l
l
s
c
a
l
e
t
u
r
b
u
l
e
n
t
e
d
d
i
e
s
)
d
u
e
t
o
d
r
o
g
u
e
d
i
m
e
n
s
i
o
n
s
,
a
d
e
q
u
a
t
e
f
o
r
s
i
m
u
l
a
t
i
n
g
l
a
r
g
e
—
s
c
a
l
e
h
o
r
i
z
o
n
t
a
l
d
i
s
p
e
r
s
i
o
n
b)
F
l
o
w
f
i
e
l
d
i
n
e
r
t
i
a
l
p
e
r
i
o
d
is
i
n
d
i
c
a
t
e
d
b
y
convergence
and
divergence
on
the
m
e
s
o
—s
c
a
l
e
——
Importance stressed.
a)
To
reduce
wind
drift
b)
To
improve
identification
and
position
accuracy
of
drogues in fleets.
Acoustic
methods
used
in
the
relatively
shallow
waters
of
the
Great
Lakes,
present
problems
due
to
received
signal
complexity
from
interferences
such
as
lakebed,
thermocline and surface.
Development
of
commercially-available,
multichannel,
positioning
and
telemetering
systems
for
expendable
drifting buoys.
(N.B. only NNSS (Navy Navigational Systems Satellite)
and Omega navigation
systems are
presently
applicable.)
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Canada's
Ocean
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Aquatic
Affairs
Directorate
at
the
Canada
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for
Inland
Waters,
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making
hydrodynamic
investigations
in
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and
James
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Estuarine
conditions,
the
tidal
regime
and
circulation
patterns
are
under
study.
These
data
are
utilized
primarily
for
navigational
purposes.
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J.
R.
CARROS
of
the
United
States
Coast
Guard,
Office
of
Research
and
Development,
is
specifically
involved
with
search
and
rescue.
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niques
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under
development
for
locating
small
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to
minimize
rescue
time.
Electronic
aids
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transponders
are
being
tried
together with
Loran,
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T
h
e
F
G
G
E
P
i
l
o
t
D
r
i
f
t
P
r
o
j
e
c
t
for
1976,
wi
t
h
overall
N
O
A
A
management,
will
ut
i
l
i
ze
the
N
I
M
B
U
S
—F
Earth
Satellite
for
communications
in
conjunction
with
an
International
Southern
Ocean
Study
field
project
in
Antaractic
circumpolar
waters.
MR.
LORNE
LANDRY
of
Environment
Canada's
Pacific
Regional
Laboratory,
Marine
Sciences
Directorate,
Victoria,
British
Columbia,
is
primarily
involved
with
field
work
and
data
handling
in
relation
to
studies
performed
in
restricted
coastal
areas
in
which
drifting
drogues
were
tracked
by
photographing
a
radar
screen
with
the
objective
of
deriving
surface
circulation
and
flow
data.
MR.
EDWARD
C.
MONAHAN
is
Director
of
the
Sea
Education
Association,
Woods
Hole,
Massachusetts.
His
interest
in
drogues
led
to
a
thorough
study
of
their
use
over
the
past
400
years
and
consequent
design
evolution.
Con-
tinuing
research
is
underway
with
the
development
of
guidelines
for
selecting
particular
designs
for
specific
applications.
An
additional
program
involves
the
computer analysis
of
position and
interrogation
data
from fleets
of
small, transmitting, drifters.
DR. C. H. MORTIMER, Chairman of the IJC Great Lakes Research Advisory
Board's Standing Committee on Lake Dynamics, is Director of the Center for
Great Lakes Studies, the University of Wisconsin—Milwaukee. His first Great
Lakes investigations began during a visit to the University of Wisconsin-
Madison in 1953.
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Since the founding of the Center in 1966, he has expanded his studies of the
dynamics of large closed basins, where muchhas yet to be discovered regarding
large scale circulation.
DR. C. RAJ MURTHY of the Applied Research Division of Environment
Canada's Canada Centre for Inland Waters, Burlington, Ontario, is studying
lake dynamics related to nearshore, coastal, zones. The diffusion and
distribution patterns of artificial dye plumes have yielded data useful in
the interpretation of offshore lake conditions for resolving practical
problems. Experiments using both dyes and drogues were conducted during
the IFYGL (International Field Year on the Great Lakes) in 1972.
DR. MERVIN D. PALMER head of the Lakes System Unit, Water Resources
Branch, Ontario Ministry of the Environment, is a member of the Board's
International Joint Commission Lower Lakes Study. The Lakes System Unit
is responsible for evolving a predictive capability for water quality
in coastal regions of large lakes.
MR. MARTIN C. POPPE, has a consulting company, Cambridge Engineering of
Cambridge, Vermont.
He has provided expertise in navigation techniques,
radio communications and signal processing for both the U.S. Government
and private industry.
His expertise in tracking remote objects and the
utilization of re-transmission techniques has included participation in
international programs such as the (1972) IFYGL, the GATE* and now the
FGGE**.
Development and production of the Tran—Star satellite communication
inexpensive satellite navigation receiver for evaluation in the FGGE
program.
*
Global Atmospheric Research Program (CARP) Tropical Experiment
** First GARP Global Experiment
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i
t
i
e
s
i
s
n
u
m
e
r
i
c
a
l
m
o
d
e
l
l
i
n
g
,
i
n
v
o
l
v
i
n
g
t
h
e
e
v
a
l
u
a
t
i
o
n
o
f
L
a
g
r
a
n
g
i
a
n
a
n
d
E
u
l
e
r
i
a
n
t
e
c
h
n
i
q
u
e
s
f
o
r
m
a
t
e
r
i
a
l
i
n
p
u
t
t
o
t
h
e
G
r
e
a
t
L
a
k
e
s
.
I
n
t
h
i
s
r
e
g
a
r
d
,
a
c
o
o
p
e
r
a
t
i
v
e
p
r
o
g
r
a
m
o
n
L
a
k
e
M
i
c
h
i
g
a
n
i
s
p
l
a
n
n
e
d
f
o
r
1
9
7
6
w
i
t
h
t
h
e
N
O
A
A
D
a
t
a
B
u
o
y
O
f
f
f
i
c
e
,
B
a
y
S
t
.
L
o
u
i
s
,
M
i
s
s
i
s
s
i
p
p
i
,
u
t
i
l
i
z
i
n
g
R
i
c
h
a
r
d
s
o
n
b
u
o
y
s
.
D
R
.
T
.
R
.
S
U
N
D
A
R
A
M
,
D
i
r
e
c
t
o
r
o
f
t
h
e
E
n
v
i
r
o
n
m
e
n
t
a
l
S
c
i
e
n
c
e
a
n
d
A
n
t
i
-
p
o
l
l
u
t
i
o
n
S
y
s
t
e
m
s
D
e
p
a
r
t
m
e
n
t
o
f
H
y
d
r
o
n
a
u
t
i
c
s
,
I
n
c
.
,
i
s
a
C
o
m
m
i
t
t
e
e
m
e
m
b
e
r
.
L
a
k
e
d
y
n
a
m
i
c
s
a
c
t
i
v
i
t
i
e
s
f
a
c
i
l
i
t
i
e
s
a
r
e
e
x
p
a
n
d
i
n
g
w
i
t
h
i
n
h
i
s
C
o
m
p
a
n
y
.
M
R
.
D
O
U
G
L
A
S
E.
W
E
B
B
i
s
w
i
t
h
t
h
e
W
o
o
d
s
H
o
l
e
O
c
e
a
n
o
g
r
a
p
h
i
c
I
n
s
t
i
t
u
t
i
o
n
,
W
o
o
d
s
H
o
l
e
,
M
a
s
s
a
c
h
u
s
e
t
t
s
.
H
i
s
c
u
r
r
e
n
t
i
n
t
e
r
e
s
t
s
i
n
v
o
l
v
e
t
h
e
d
e
v
e
l
o
p
m
e
n
t
a
n
d
o
p
e
r
a
t
i
o
n
a
l
u
s
e
of
d
r
i
f
t
i
n
g
,
n
e
u
t
r
a
l
l
y
b
u
o
y
a
n
t
f
l
o
a
t
s
for
d
e
e
p
o
c
e
a
n
s
t
u
d
i
e
s
.
I
n
h
i
s
p
r
e
s
e
n
t
h
y
d
r
o
g
r
a
p
h
i
c
s
u
r
v
e
y
o
f
w
a
t
e
r
d
e
n
s
i
t
y
,
a
c
o
u
s
t
i
c
t
e
c
h
n
i
q
u
e
s
a
r
e
u
s
e
d
f
o
r
b
u
o
y
p
o
s
i
t
i
o
n
i
n
g
,
t
r
a
c
k
i
n
g
a
n
d
i
n
t
e
r
r
o
g
a
t
i
o
n
.
MR.
PETER
WILSON
cited
his
firm's
work
on
"An
Investigation
into
the
F
e
a
s
i
b
i
l
i
t
y
of
T
r
a
c
k
i
n
g
Drifting
Buoys
in
Canadian
Waters",
M
a
r
c
h
1974.
This
report
was
prepared
under
contract
for
Dr.
John
Garrett,
Marine
S
c
i
e
n
c
e
s
D
i
r
e
c
t
o
r
a
t
e
of
Environment
Canada,
Pacific
Region,
Victoria,
British
Columbia
and
is
representative
of
Mr.
Wilson's
current
interestS.
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R
E
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A
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I
S
O
R
Y
B
O
A
R
D
1
.
A
s
u
s
e
d
h
e
r
e
i
n
,
"
r
e
s
e
a
r
c
h
"
i
n
c
l
u
d
e
s
d
e
v
e
l
o
p
m
e
n
t
,
d
e
m
o
n
s
t
r
a
t
i
o
n
a
n
d
r
e
s
e
a
r
c
h
a
c
t
i
v
i
t
i
e
s
,
b
u
t
d
o
e
s
n
o
t
i
n
c
l
u
d
e
r
e
g
u
l
a
r
m
o
n
i
t
o
r
i
n
g
a
n
d
s
u
r
v
e
i
l
l
a
n
c
e
o
f
w
a
t
e
r
q
u
a
l
i
t
y
.
2
.
T
h
e
f
u
n
c
t
i
o
n
s
a
n
d
r
e
s
p
o
n
s
i
b
i
l
i
t
i
e
s
o
f
t
h
e
R
e
s
e
a
r
c
h
A
d
v
i
s
o
r
y
B
o
a
r
d
r
e
l
a
t
i
n
g
t
o
r
e
s
e
a
r
c
h
a
c
t
i
v
i
t
i
e
s
i
n
C
a
n
a
d
a
a
n
d
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
c
o
n
c
e
r
n
i
n
g
t
h
e
q
u
a
l
i
t
y
o
f
t
h
e
w
a
t
e
r
s
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
S
y
s
t
e
m
s
h
a
l
l
b
e
a
s
f
o
l
l
o
w
s
:
(
a
)
T
o
r
e
v
i
e
w
a
t
r
e
g
u
l
a
r
i
n
t
e
r
v
a
l
s
t
h
e
s
e
r
e
s
e
a
r
c
h
a
c
t
i
v
i
t
i
e
s
i
n
o
r
d
e
r
t
o
:
(
i
)
e
x
a
m
i
n
e
t
h
e
a
d
e
q
u
a
c
y
a
n
d
r
e
l
i
a
b
i
l
i
t
y
o
f
r
e
s
e
a
r
c
h
r
e
s
u
l
t
s
,
t
h
e
i
r
d
i
s
s
e
m
i
n
a
t
i
o
n
,
a
n
d
t
h
e
e
f
f
e
c
t
i
v
e
n
e
s
s
o
f
t
h
e
i
r
a
p
p
l
i
c
a
t
i
o
n
;
(
i
i
)
i
d
e
n
t
i
f
y
d
e
f
i
c
i
e
n
c
i
e
s
i
n
t
h
e
i
r
s
c
o
p
e
,
a
n
d
i
n
a
d
e
q
u
a
c
i
e
s
i
n
t
h
e
i
r
f
u
n
d
i
n
g
a
n
d
i
n
c
o
m
p
l
e
t
i
o
n
s
c
h
e
d
u
l
e
s
;
(
i
i
i
)
i
d
e
n
t
i
f
y
a
d
d
i
t
i
o
n
a
l
r
e
s
e
a
r
c
h
p
r
o
j
e
c
t
s
t
h
a
t
s
h
o
u
l
d
b
e
undertaken;
(
i
v
)
i
d
e
n
t
i
f
y
s
p
e
c
i
f
i
c
r
e
s
e
a
r
c
h
p
r
o
g
r
a
m
s
f
o
r
w
h
i
c
h
i
n
t
e
r
n
a
t
i
o
n
a
l
c
o
o
p
e
r
a
t
i
o
n
w
i
l
l
b
e
p
r
o
d
u
c
t
i
v
e
;
(
b
)
T
o
p
r
o
v
i
d
e
a
d
v
i
c
e
a
n
d
c
o
n
s
o
l
i
d
a
t
i
o
n
s
o
f
s
c
i
e
n
t
i
f
i
c
o
p
i
n
i
o
n
t
o
t
h
e
C
o
m
m
i
s
s
i
o
n
a
n
d
i
t
s
b
o
a
r
d
s
o
n
p
a
r
t
i
c
u
l
a
r
p
r
o
b
l
e
m
s
r
e
f
e
r
r
e
d
t
o
t
h
e
A
d
v
i
s
o
r
y
B
o
a
r
d
b
y
t
h
e
C
o
m
m
i
s
s
i
o
n
o
r
i
t
s
b
o
a
r
d
s
;
(c)
T
o
f
a
c
i
l
i
t
a
t
e
b
o
t
h
f
o
r
m
a
l
a
n
d
i
n
f
o
r
m
a
l
i
n
t
e
r
n
a
t
i
o
n
a
l
c
o
o
p
e
r
a
t
i
o
n
a
n
d
c
o
o
r
d
i
n
a
t
i
o
n
of
r
e
s
e
a
r
c
h
;
‘(d)
To
make
recommendations
to
the
Commission.
3.
The
R
e
s
e
a
r
c
h
A
d
vi
s
o
r
y
Board
on
its
own
authority
m
a
y
seek
analyses,
assessments
and
recommendations
from
other
professional,
academic,
governmental
or
intergovernmental
groups
about
the
problems
of
the
Great
Lakes
water
quality
research
and
related
research
activities.
4.
The
International
Joint
Commission
shall
determine
the
size
and
composi—
tion
of
the
Research
Advisory
Board.
The
Commission
should
appoint
members
to
the
Advisory
Board
from
appropriate
Federal,
State
and
Provincial
Govern~
ment
agencies
and
from
other
agencies,
organizations
and
institutions
involved
in
Great
Lakes
research
activities.
In
making
these
appointments
the
Commission
should
consider
individuals
from
the
academic,
scientific
and
industrial
communities
and
the
general
public.
Membership
should
be
based
primarily
upon
an
individual's
qualifications
and
potential
contri-
bution to the work of the Advisory Board.
5.
The
Research
Advisory
Board
should
work
at
all
times
in
close
cooperation with the Great Lakes Quality Board.
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c
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p
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T
h
i
s
c
o
m
m
i
t
t
e
e
r
e
c
o
g
n
i
z
e
s
t
w
o
m
a
i
n
d
u
t
i
e
s
:
_
_
t
o
r
e
s
p
o
n
d
to
s
p
e
c
i
f
i
c
q
u
e
s
t
i
o
n
s
r
e
f
e
r
r
e
d
t
o
i
t
b
y
t
h
e
R
e
s
e
a
r
c
h
A
d
v
i
s
o
r
y
Board and
_
_
t
o
r
e
v
i
e
w
t
h
e
p
r
e
s
e
n
t
s
t
a
t
u
s
o
f
k
n
o
w
l
e
d
g
e
a
n
d
t
e
c
h
n
i
q
u
e
a
n
d
t
o
r
e
c
o
m
m
e
n
d
p
a
r
t
i
c
u
l
a
r
l
i
n
e
s
of
study,
w
h
e
r
e
t
h
e
s
e
p
r
o
m
i
s
e
to
i
n
c
r
e
a
s
e
k
n
o
w
l
e
d
g
e
e
s
s
e
n
t
i
a
l
for
the
u
n
d
e
r
s
t
a
n
d
i
n
g
or
m
a
n
a
g
e
m
e
n
t
of
the
G
r
e
a
t
L
a
k
e
s
as
a
n
i
n
t
e
r
n
a
t
i
o
n
a
l
w
a
t
e
r
r
e
s
o
u
r
c
e
.
These
studies
will
be
p
r
i
n
c
i
p
a
l
l
y
concerned
wi
t
h
measurement,
modelling,
p
r
e
d
i
c
t
i
o
n
or
control
of
"pollution"
dispersal
and
transport
f
r
o
m
d
e
f
i
n
e
d
and
d
i
f
f
us
e
sources,
under
average
as
well
as
extreme
seasonal
and
h
yd
r
o
g
r
a
p
h
i
c
conditions.
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Free-floating Current Followers
by
L.D.B. Terhune
INTRODUCTION
The movement of water masses is commonly studied by following the motion
of current followers consisting of surface floats, weighted subsurface drogues
and connecting wires. Commonly this is done without the provision of even a
crude estimate of the errors to be expected from such systems or any numerical
criteria for the design of the followers.
The general approximate analysis of such systems to be presented will make
it possible to aSSess a system easily, and even to make first-order corrections
when the values of water shear velocities are known.
It will also be possible
to assess the worst case of the effect of wind.
When water shear is under discussion, the term "float" shall include, not
only the Submerged portion of the float, but also rods, weights, shackles, and
other appurtenances that are in the water. When wind effects are discussed,
"float" shall signify all parts that are above the surface. Similarly, the
term "drogue" shall include all its appurtenances.
ERROR CAUSED BY FLOAT ALONE WITHOUT WIND
The general equation for fluid drag on an object is
D=c,,s‘gv2 (1)
where D is the drag force in lb, Co the drag coefficient of the object, S the
cross-section area of the object, in square feet, perpendicular to its velonity
V ft/sec through the fluid, and p the mass density of the fluid in slugs/ft3.'
For water 9/2 is approximately one, and for air approximately 0.0012 slugs/ft“.
Equation (1) may be rewritten as
D=RV“. (2)
This is the defining equation for R, the "drag factor" for the body. Except
for the case of the line connecting float to drogue, where in general the
velocity of the line through the water varies along the length of the line,
 
    
     
 
  
  
  
    
   
  
  
the drag factor is given by:
R = CD 5 g. (3)
This drag factor can be calculated fromequation (3), if the coefficient of
drag is known, or can be determined experimentally from equation (2).
Its
units are lb sec ‘ft' .
Equating the drag force on the float to the drag force on the drogue,
R,
v,3
=
Rd
v,8
(4)
where the subscripts f and d refer to float and drogue, respectively, and V
refers to the absolute value of the velocity of the body through the water in
its vicinity. Hence
Vf
=s/g-4
V4
-
(5)
But
V:
H
<
.
I
<
ﬂ
o
(6)
where V , is the "shear velocity"
(defined here as the absolute value of the
vector difference between water velocities at surface and at drogue depth)
so that
Jgtvd=V.-V, )
(7)
and
V4 "
-—--—-——
(8)
The
error
in
velocity,
V, ,
of
the
system
caused
by
float
alone,
eh
is
equal
to
the
velocity
of
the
drogue
through
the
water
surrounding
it,
and
the
ratio of error
in velocity to shear velocity is given by
(9)
 
 The direction of the error is obtained by subtracting the water velocity
vector at drogue depth from the surface velocity vector.
It is well here to examine the dependence of the computed system error
upon the estimated drag factor ratio. Let
:
0
X=._.1 ’
R!
and let
e _
y= V1 = (14-vi) 1 . (11)
Differentiating with reapect to x,
_2
£ii:€§ii.. dx (12)
2 x
x
Ex a- Vr. ___ it .
Y 211 + x) x (13)
It is obvious then, that the percentage error in computed system error,
caused by error in drag ratio, will be less than half the percentage error in
drag ratio.
dyi-
and
For example, if the system error Were computed to be 10% of the shear
velocity, and the estimated drag ratio were in error by 20%, the system error
would be either 9% or 11% of the shear velocity.
ERROR CAUSED BY WIRE ALONE
Let the velocity profile be aSSumed to be linear with depth.
Let the velocity V; of the drogue through the water surrounding it be
assumed to be much smaller than the velocity W. of the float through the Surface
water. The float velocity, V, will then be approximately equal to the shear
velocity V. . This is a reasonable approximation for any good system.
Further, let the drag coefficient be assumed to be constant along the
wire. This assumption will be justified later.
Applying equation (1):
N
l
'
o
D = c0 5 Va . (1)
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to an element of wire height, dh ft:
d DH = cm. as v,,2 = c” '1'“ via dh
(14)
whereiJ/Z is equal to one slug per fta , C,“ is the wire drag coefficient, Tu
is the wire diameter in ft, and VI. is the velocity of the wire at a height,
h ft above the drogue.
But
where H is the drogue depth.
Combining equations (14) and (15):
2 ha
d
D"
a
can
Tu
V:
3‘
Integrating between limits:
C T H
Du a £1.3L. Vea-
CDH SH
Equating wire drag to drogue drag:
Ru Vsa = R4 Vcat
 
where
R“ CO“ SH
= r
3
so that
R
H
But again
Vt ‘ VI ' V4!
so that
I
)
!
 
dh .
(15)
(16)
(17)
(18)
(19)
(2o)
(6)
(21)
 
  
Va =W (22)
and the error in system velocity caused by wire alone, eH , is equal to the
drogue velocity, and the ratio of this error in velocity to shear velocity is
en
VT
_
F
i
g
-
.
—
.
(2
3)
It was earlier assumed that the drag coefficient of the wire would be
constant along its length. This is only very approximately true, particularly
for low Reynolds number,
VT“
M.
R n
(24)
 
where V is the velocity in ft/sec of the wire through the water, T” the wire
diameter in ft and n the kinematic viscosity of water in fé7sec. (Since the
Reynolds number is dimensionless any consistent system of units may be used
here.)
However, if velocities less than 0.1 ft/sec can be neglected as contri-
buting little to system error, a constant value of the drag coefficient can
be chosen for each wire size that will allow a good estimate of system error.
The drag coefficients in Table I are based on a plot of drag coefficients of
circular cylinders as a function of Reynolds number in Hoerner (1965). For
the velocity range of 0.1 to 10 ft/sec, the actual drag coefficients differ
from these values by less than i 30%.
Table I. Approximate wire drag coefficients, as a
function of Reynolds number.
Wire diameter (inches) 1/32 1/16 3/32 1/8 5/32 3/16 7/32 1/4
C D
1.5
1.3
5
1.3
1.2
1.1
5
1.1
5
1.1
5
1.1
5
Whi
le
thi
s s
eem
s l
ike
a v
ery
lar
ge
err
or
it
has
bee
n s
how
n i
n e
qua
tio
n (
13)
tha
t t
he
per
cen
tag
e e
rro
r i
n c
omp
ute
d s
yst
em
err
or
wil
l b
e l
ess
tha
n o
ne
hal
f
the
per
cen
tag
e e
rro
r i
n t
he
est
ima
ted
rat
io
of
dra
g f
act
ors
.
Thi
s d
eri
vat
ion
is
as
app
lic
abl
e t
o e
rro
r d
ue
to
wir
e a
s i
t i
s t
o e
rro
r d
ue
to
flo
at.
If
the
sys
tem
err
or
wer
e
com
put
ed
the
n
to
be
10%
of
the
she
ar
vel
oci
ty,
and
the
wir
e d
rag
fac
tor
had
a p
oss
ibl
e e
rro
r o
f t
30%,
the
act
ual
sys
tem
err
or
wou
ld
lie
bet
wee
n
8.5
% a
nd
11.
5%
of
the
she
ar
vel
oci
ty.
If
gr
ea
te
r
ac
cu
ra
cy
at
th
e
hi
gh
er
ve
lo
ci
ti
es
is
de
si
re
d,
an
d
if
it
is
agr
eed
tha
t
vel
oci
tie
s
bel
ow
0.2
ft/
sec
con
tri
but
e
lit
tle
to
the
err
or
vel
oci
ty,
 
 then the following values of drag coefficient given in Table II can be used.
For the velocity range of 0.2 to 10 ft/sec the actual drag coefficients will
differ from these values by 20% or less.
Table II. Approximate wire drag coefficients, with
greater accuracy for higher velocities.
Wire diameter (inches)
1/32
1/16
3/32
1/8
5/32
3/16
7/32
1/4
CD
1.4
1.25
1.2
1.1 1.1
1.1
1.1
1.1
While the purpose of this paper has been to present simple, easily
applicable formulae by which a system can be approximately assessed, it should
z
be pointed out that a considerably more accurate assessment of the effect of
L
the wire can be made by treating the drag coefficient as a function of velocity.
‘
It
is not,
however,
as easily applicable,
since it requires a knowledge of the
shear velocity.
First,
from the chosen wire diameter and predicted maximum velocity range,
determine the Reynolds number range from equation (24).
On a log log plot of drag coefficients for circular cylinders,such as
that
in Hoerner
(1965),
fit a
straight
line
to
the
curve
over
the
required
range.
From
the
straight
line,
read
off drag
coefficients
corresponding
to the
chosen maximum and minimum velocities.
By
simultaneous
equations
determine
the
coefficient of
drag as
a function
of velocity with the form,
.—
Ii: CD ._ a Va, (25)
and substitute this value for CD in equation (14):
d
Du
=
CD
I“
v
ﬁ
d
h
(14)
to obtain
    
  
so that
   
d
D
=
a
T
v
3
+
n
h
a
m
dh
(97)
H u f ' _
Again
integrating
between
limits,
aTV2+nH as vn
DH:
__1'__‘___
a
“
'
v3,
(28)
3+“ 3+n
or
Du
=
R"
V,2
(29)
where
n n
R“: as“ V, N aSN V. (30)
3 + n 3 + n
Following previous reasoning,
.1 = 7
-
1v
(23)
V. l + R?
The
exponent
n
will
be
found
to
be
of
the
order
of
-l/5.
Because
the
wire's
characteristic
dimension
is
so
much
smaller
than
the
characteristic
dimensions
of
the
other
components,
the
wire
has
a
much
smaller
Reynolds
number
than
have
the
other
components.
For
any
significant
velocities,
therefore,
the
drag
coefficients
of
the
other
components
are
essentially
constants.
ERROR FROM FLOAT AND WIRE COMBINED
Equating
drogue
drag
to
the
Sum
of
float
drag
and
wire
drag:
R4
V43
= R:
Vra
+
Ru
V33:
(31)
or
Rd V43 = Rt Vtas (32)
where
Rt = R: + Ru
(33)
 M
“
_
n
a
4
"
s
w
i
m
_
 
Similar reasoning to that used in equations (4) to (9), and in equations
(18) to (24), leads to a ratio of total system error (less wind effect) to
shear velocity given by
(
D
c
‘
p
.
.
.
I
=
(34)
1 + J§%
Again it should be noted that the percentage error in the computed systenlerror
will be less than one half the percentage error in the ratio of drogue drag
factor to the sum of the float and wire dragfactors.
<
I
I
System errors as percentage of shear velocities are plotted in Fig. l
as a function of drag ratios.
A few values are also tabulated in Table III.
Examination of Table III will quickly show what large values of drag factor ratio are
required to obtain reasonable system error.
From the identical form of the formulae for system error it will be seen
that Fig.
1 and Table III can also be used to assess
the effect of float alone,
wire alone, and the worst case of wind effect.
DEPTH ERROR CAUSED BY WIRE ANGLE
In this
section,
expressions will
be
derived
for
the upper
and
lower
limits
of error
in drogue
depth
caused
by wire
angle.
Analysis
for
the
actual
error
in
depth
leads
to
expressions
much
more
difficult
to
apply
than
the
present ones.
The
velocity
V
of
the
drogue
through
the
water
will
again
be
assumed
to
be
very
much
smaller
than
the
velocity
V,
of
the
float
through
the
water,
so
that
again
the
float
velocity
will
be
approximately
equal
to
the
shear
velocity,
V. .
The
vertical
component
of
wire
tension
is
essentially
constant
along
the
wire
and
equal
to the
weight
of
the
drogue
in water:
Fv = W‘ (35)
where
W“
is
the weight
of
the
drogue
in water.
The
horizontal
component
of
tension
at
the
drogue
is
equal
to
the
sum
of
float drag and wire drag:
1=h = (R, + R") v,3
(36)
01"
F1: “(Rt + Ru) V38: (37)
  
 Table
III.
System
error
velocities,
e
,
as
percentages
of
shear
velocities,
V3,
for
some
values
of
drag
factor ratio, Rd/Rt.
 
Rd/Rt
I
of
V8
0
100
1
SO
4
33
9
25
16
20
25
17
49
12
100
9.0
400
4-8
1600
2.4
6400
1.2
0o
O
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The
tangent
of
the
angle
of
the
wire
from
vertical
at
the
drogue
is,
therefore,
.1 = v3. (as)
wa
tan 9
Following
similar
reasoning,
the
tangent
of
the
wire
angle
at
the
float
is
tan 9, m5:
V."
.
we
The depth of the drogue is
L
cos
9,
>
H
>
L
cos
9d
(40)
where
L
is
the
wire
length,
and
therefore
the
error
in
drogue
depth
due
to
wire
angle is
L
(
l
-
c
o
s
e
,
)
<
A
H
<
L
(
1
-
c
o
s
ed),
(41)
where
AH
is
the
error
in
drogue
depth
caused
by
wire
angle.
Thus
easily
determined
limits
have
beenplaced
on
error
in
drogue
depth
for
any
value
of
the
shear
velocity
V..
WORST
CASE
OF
ERROR
CAUSED
BY
WIND
Let
the
water
shear
velocity
be
assumed
to
be
zero.
It
will
be
shown
that
this
is
the
worst
case
of
error
caused
by
wind.
Let
it
further
be
aSSumed
that
the
water
drag
factors
of
float
and
wire
are
negligible
compared
to
the
drogue
drag
factor.
This
will
be
true
for
any
useful system.
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Equating
wind
drag
to
water
drag,
then,
R‘
v.2
d
e
V42
where
R.
is
the
drag
factor
of
the
exposed
portion
of
the
float,
R4
the
drag
factor
of
the
drogue,
V"the
wind
velocity
relative
to
the
float,
and
V'dthe
velocity
of
the
drogue
through
the
water,
and
where
R.
=
CD.
5.
g;
,
(43)
and
Rd
=
CH
s‘1
g
.
(44)
C
D‘and
S
.are,
respectively,
the
drag
coefficient
and
cross-sectional
area
of
the
exposed
portion
of
the
float,
C
odand
S
dthe
drag
coefficient
and
cross-
sectional
area
of
the
drogue,
and
p.and
p
the
mass
densities
of
air
and
water.
It
should
be
remembered
that
p./2
and
p/2
are
approximately
0.0012
and
1.0
slugs/ft irespectively.
Since
equation
(42)
is
of
the
same
form
as
equation
(4),
it
is
obvious
that
V
.
=
,
(
4
5
)
y
.
‘
+
h
where
e.
is
the
error
caused
by
wind
and
V.
is
the
vector
difference
between
wind velocity and water velocity at drogue depth or.
for any significant winds,
essentially the wind velocity.
To
show
that
the
case
of
no
water
shear
is
the
worst
case
of
wind
effect
let us again equate wind drag to drogue drag:
n. = R‘ v3, (46)
and take the derivative with respect to drogue velocity:
d D. = 2 Rd v‘I d v“ (47)
or
  
-12-
dvd.9._D_t_.. , (48)
from which it is apparent that the greatest change in drogue velocity for a
given increment of wind
dragoccurs at zero drogue velocity.
SOME APPLICATIONS OF ERROR CAIEULATIONS
Example 1
One
system
in
common
use
is
the
drift
pole
used
for
obtaining
the
movement
of
surface waters.
The
geometry
above and
below water
is
often very
similar.
For such a system:
R- = C0. EL Sn “0'0012 CD& so
and
Rd :- CM 55: “CM 54
Because
of
the
near
equality
of
the drag
coefficients
and
cross-section areas:
3 a. 830,
RI
and
e‘ l 1
sex 0.034
V,— 1+V§Sb ‘ 29.8
The
system
error
will
therefore
be
about
3.4%
of
the
wind
velocity.
Since
the
velocity
of
wind-driven
currents
is
naually
estimated
to
be
about
2%
of
the
wind
velocity,
such
a
system
can
indicate
surface
velocities
about
2
3/4
times
the
correct
values
in
a
region
where
wind-driven
currents
predominate.
Example 2
Another
type
of
system
in
use
consists
of
a
styrofoam
float
about
8
in
square,
immersed
to
a
depth
of
about
5
in,
connected
to
a
2
ft
square
Chesapeake
Bay
drogueby
a
3/32
in
line.
For
Such
a
system,
with
the
drogue
at
a
10
meter
depth,
using
the
wire
drag
coefficient
from
Table
II:
  
 - 13 _
, _2
R,
=
co,
3
s,
a,2§1)
$82
(5)
=
0.55
lb
secd
ft
2 144
C . . . -3
Ru “5.31 3 5. aal 2 $2_iz£331 = 0.11 lb sec“ ft
"37' 12
2
R‘
=
R,
+
R“
=
0.66
lb
seca
ft"
, _3
R6 = Cod g 5. 6:2.4(1)(4) = 9.6 lb sec‘ ft
53.. 9'6 asl5
R‘ 0.66
e‘ l l
___ . _______- __ “0.20
This
indicates
the
system
error
is
20%
of
the
shear
velocity.
The
system
is,
therefore,
a
poor
one
and
should
not
be
used,
except
where
it
is
known
that
the
shear
velocities
are
small
compared
to
the
water
velocities
at
drogue
depth a
The
drag
factor
for
the
Chesapeake
Bay
drogue
was
derived
from
information.
presented in Pritchard and Burt (1951).
Example 3
A
system
of
similar
type
to
that
analyzed
in
example
2
is
presently
in
use
at this Station.
The upper
and
lower surfaces
of
the
float,
figues
(2)
to
(6),
are
para-
boloids of revolution with the formula
2 = 0.051 r3
   
_ 14 -
where z and r are in inches. This yields a float with a centre thickness of
5 in and a diameter of 14 in before rounding of the sharp peripheral edge.
The particular thickness-to-diameter ratio was chosen after tow tests of
three 14-in diameter floats of a, 5, and 6 in thicknesses. The 5-in float
exhibited the best sea-keeping properties and gave the highest buoyancy-to-
drag ratio and the lowest drag factor.
The float drag factor, R 'was determined by repeatedmeasurement of drag
force and velocity with the float internally weighted to design diaplacement
(3/4 of its volume immersed). The drag factor was the mean of the quotients
of drag in lb by the square of the velocity in ft/sec. For the S-in thick
float the drag factor was
_a
Rf = 0.10 lb seca ft
The wind dragfactor for the float, R g, was determined by inverting the
float complete with battery bottle, pole, flag and light, so weighted that the
immersed portion corresponded to the portion normally in air. The air drag
factor was computed from the measured drag, D ., and velocity V .by the
relationship
The mean value was
-4 -3
R. = 4.4 x 10 lb seca ft
For 10 metres of 50 lb test nylon of diameter 0.030 in, using the drag
coefficient from Table II:
CD“ SH 3
R“ = .___éi___ is 1'41; 333 ’03 = 0.04 lb seca ft” .
’J
a
The drogue is an 8 ft wide, 6 ft high, "window blind" of 4 mil polyethylene,
lashed along its upper edge to a cedar 848, 1x2, and along its lower edge to a
5/8-in diameter iron bar with a weight of 8.3 lb to submerge approximately 3/4
of the float volume. It is attached to the line to the float by a bridle with
arms at 45° to horizontal.
This drogue was suggested by D. Dobson of Bedford Institute of Oceanography.
In tow trials of a 2 ft square model at .014 knot, we found that, starting with
its plane parallel to velocity, it aligned itself perpendicular to the velocity
in travelling its own length. A deliberate 1/2 in inequality in bridle arms
increased this distance to about 3 lengths. After it had aligned itself, it
oscillated slowly about this position with an amplitude of about 15°. For such
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a drogue
p , -
Rd = Cod-3 54 §'2(l)(48) = 96 lb sec3 ft 2
_2
R1 = R, + R“ = 0.10 + 0.04 = 0.14 lb seca ft
E
.
3
.
9
—
?
R‘ .14
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et 1
‘3
17:. 1+7690
The
system error
is,
therefore,
4%
of the
shear
velocity
compared
to the
20% value for the system in example 2.
Examining possible wind effect:
Rd 96
R 4.4 x 10"2t
and
O
n. a l
v, 1 + 106722
Therefore, wind induced error will be not more than about 0.2% of the wind
velocity.
Error in drogue depth can be assessed as follows:
 
tan 0‘. R; v,‘*. 0‘14 v,3 = 0.016 v,“
w“ 8.3
tan 0, . 51 v3. 0‘10 _ 0.012 V,3
wa 8.3
 - 16 _
V.
ft/
scc
0.1
0.2
0.5
1
2
4
3 tan a, 0 0 0 0.016 0.064 0.26
tan 9! 0 0 0 0.012 0.048 0.19
94° 0 0 0 0.9 3.7 15
9,0 0 o o 0.7 2.7 11
:1 cos ea 1.00 1.00 1.00 1.00 1.00 0.97
3; cos 0, 1.00 1.00 1.00 1.00 1.00 0.93
shear velocity of about 4 ft/sec is reached. At this velocity the depth error
is between 2 and 3% of wire length.
1
'1
% The per cent error in drogue depth is, therefore, negligible until a
l
J
The maximum wind-induced wire angle is given by
 
: 4.4 x 10'4
._R. 3
tan 9 — __ V,l 8.6
d
V.3 = 5.1 x 10-5 v.2
from which it is obvious that there can be no appreciable wind-induced wire
angle for any moderate wind speed. -
 
From the above calculations it would seem that this system is satisfactory
in any reasonablewinds and in water shear velocities to 4 or S ft/sec.
Later tow tests were performed in moderate chop under conditions that
simulated system working conditions. An appropriate weight was suspended 10
ft below the float to simulate drogue weight. A horizontal line from this
weight led forward to a large cannonball suspended over the ship side. The
float was observed to behave well up to 3.5 ft/sec (~w2 knots) at which velocity
the forward edge of the float began to lift. Direction of tow relative to wind
and waves made no observable differencein behaviour. Errors for this system at
shear velocities at or above 3.5 ft/sec will, therefore, be greater than the
predicted values.
A 10° bend near the upper end of the lower rod, figure 2, would improve
the behaviour of the float at the higher shear velocities at the cost of poorer
behaviour at the lower and, therefore, less important shear velocities.
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Clear Ampok vial size Ass with:
coloured film liner.
'5 rubber stopper,
6.5. 407. 4-9v flasher bulb
and socket.
24in. 2mil, fluorescent orange,
polyethylene flag
as in. a; if; in diam. stainless-steel
rod, threaded io—24 both ends
Lid fillings — see ﬁg 3.
Mn. wide mouth polyethylene jar
with:
polypropylene lid
Evereody N0 2774 N, 6v. battery.
3-3ohm series resistor,
Polyurethane floot — see ﬁg 6.
I'm. Mn. wooden washer and steel
collar with setscrew.
14in lg. '/. in. diam stainless -steel rod
with lln diam. eye one end and P. ME
thread other end.
Small swivel snap.
SOlb. test nylon monofiloment
Nylon monofilament bridle
834. la. cedar lx2 $45.
854. x 65;. 4M polyethylene
83L l4. Vain. diam. reinforcing iron
Current follower system analyzed in example 2.
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Brass bushing - see 514 4.
2 in Quaint. l.D. brass washer.
l0 - 24 nut.
6v. battery. ®
'4 N.F. nuts. ®
®
'/4 in. diam. stainless steel rod.
Fig. 3.
Polyethylene bottle.
I‘m. wide I694. galvanized
bent to suit.
Leads,
33 ohm. resistor.
Recess for clip -- see 1,149.5
Hole through lid sealed
with GE. silicone seal.
Battery bottle for system shown in Fig. 2.
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SECTION 8-8
Material
’ 2 Ito/5&5 molded
polyurethane.
SECTION A-A
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Fig. 6. Design of float for assembly shown in Fig. 2.
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ADDENDA 19 0
Estimation of error from water shear velocity
Obtain float drag factor, R,, from (a), (b), or (c).
From immersed cross-sectional area perpendicular to flow, 5 sq. ft.,
of float, an estimate of its drag coefficient, 0,, depending on shape,
the water density p/2 (= 1) and
From tow tests where D is the measured drag in lb. at velocity, V,
ft./sec. and
R' =
<
|
U
u
If float in example 3 is used,
R, = 0.10 .
graph presented here obtain wire drag factor, Rilofor 10 meters of
Obtain wire drag factor R, for length of line used, L meters from
R =LRV1o.
Obtain sum of float and wire drag factors:
R, = R’ + R.
4. Obtain drogue drag factor, R, from (a) or (b).
(a)
(b)
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5. Enter graph, Fig. l, in current follower paper with ratio Rd/R‘ and obtain
estimated system error, e, as percentage of the shear velocity.
Estimation of maximum wind induced error
1. Obtain float air drag factor, R., for portion of float exposed to air as in
obtaining Rf except that air density is approximately .001 times water
density.
2. Obtain drogue drag factor, Rd, as above.
3. Enter error graph, Fig. l, with ratio Rd/R‘ to obtain error as percentage
of wind velocity.
NOTE:
In the foregoing no units have been given for the drag factors. Since
only ratios of drag factors are used to determine the ratios between error
velocities and shear velocities, the drag factors may be in any units provided
only that all have the same units.
 
 WIRE DRAG FACTORS Rum FOR 10 METERS OF WIRE FROA TABLE II
R
'
l
o
0 0.1 0.2 0.3
Wire diam. in.
Notes:
R, is proportional to wire length
Use R. to 2 decimal places only
Nanaimo, B. C.
10 July 1970
 
